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Opinions  expressed  in  the  symposium  on  Low  Tem¬ 
perature  Test  Methods  and  Standards  for  Containers 
are  those  of  the  individual  contributors  and  do  not 
necessarily  represent  the  views  of  the  Academy- 
Research  Council  or  of  the  Quartermaster  Food  and 
Container  Institute. 


Preface  to  Symposium 

Military  planning-  for  the  defense  of  the  United  States  must  include 
preparation  for  all  kinds  of  action  in  all  parts  of  the  world.  Since  it 
is  possible  and  even  probable  that  operations  in  arctic  regions  will  be 
an  essential  factor  in  any  future  major  war,  military  supplies  which 
can  be  used  efficiently  in  support  of  the  Armed  Forces  in  these  cold 
regions  are  mandatory.  The  problem  of  packaging  items  to  meet  this 
requirement  is  complex  and  difficult.  Packaging  which  will  provide 
satisfactory  service  in  the  warmer  areas  of  the  world  may  prove  to  be 
entirely  inadequate  under  arctic  conditions.  Accurate  knowledge  of 
package  performance  under  extreme  low-temperature  atmospheric 
conditions  is  of  utmost  importance  for  success  in  providing  supplies 
for  troops  and  other  military  personnel  in  these  areas. 

This  symposium  was  arranged  and  conducted  by  the  National 
Research  Council  Committee  on  Packing,  Packaging  and  Preservation 
to  bring  together  the  people  of  the  nation  who  have  had  experience 
in  this  relatively  new  field  of  technology  and  to  emphasize  its  military 
importance.  The  papers  and  discussions  summarize  current  knowl¬ 
edge  on  low-temperature  test  methods,  appraise  the  facilities  available 
for  further  experimental  work,  and  indicate  the  technical  problems 
which  must  be  explored  further. 


Berton  S.  Clark,  Chairman 
NRC  Packing,  Packaging  & 
Preservation  Committee 

Chicago,  May  1954 
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on 
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AND  STANDARDS  FOR  CONTAINERS 


I.  Military  Implications 

CHAIRMAN  B.  S.  CLARK: 

This  meeting,  sponsored  by  the  Packing,  Packaging  and  Preser¬ 
vation  Committee  of  the  Advisory  Board  on  Quartermaster  Research 
and  Development  of  the  National  Research  Council,  is  convened  for 
the  purpose  of  bringing  together  the  men  who  are  interested  in  and 
informed  on  temperature  test  methods,  packaging  problems,  and 
standards  for  containers. 

The  Proceedings  of  the  meeting  are  to  be  published,  and  each 
individual  attending  this  meeting  will  receive  a  copy.  It  is  hoped  that 
the  technical  knowledge  presented  today  will  not  be  solely  confined 
to  the  formal  papers  but  will  be  brought  out  and  amplified  in  the  dis¬ 
cussion  periods  as  well.  Our  first  speaker  is  well-qualified  to  furnish  a 
military  orientation  into  our  symposium  subject. 

The  Quartermaster  Corps  is  especially  fortunate  in  having  as  the 
head  of  its  Research  and  Development  Division  a  man  of  the  high 
qualities  represented  by  Col.  Jackson. 

He  has  a  very  fine  service  record,  broad  technical  knowledge,  sound 
judgment,  and  a  high  quality  of  leadership  which  augurs  well  for  the 
future  of  the  research  and  development  program  of  the  Office  of  The 
Quartermaster  General.  It  is  a  pleasure  to  have  Col.  Jackson  with  us 
today  to  give  the  address  of  welcome.  Col.  Jackson. 


Impact  of  Global  Concepts  of  Military  Planning 

COLONEL  WILLIAM  D.  JACKSON: 

The  problems  involved  in  the  field  of  arctic  container  research  are 
among  the  most  perplexing  within  the  Quartermaster  research  and 
development  program  today.  It  is  therefore  very  encouraging  to  us 

sneria  i«t  *f  Can  l°°k  t0  the  exPerience  of  industrial  container 
specialists  for  information  and  guidance— both  of  which  we  sorely 
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The  National  Research  Council,  in  sponsoring  this  symposium,  has 
pi  ovided  still  another  example  ol  the  practical  foresight  on  which  the 
Military  has  long  since  come  to  depend. 

It  seems  to  me  that  the  fact  of  our  convening  for  the  purpose  of 
gaining  a  widei  and  more  workable  knowledge  in  the  research  area 
covering  arctic  containers  is  a  good  illustration  of  the  complexities 
with  which  today’s  Army  is  faced.  The  expression,  “global  concepts,” 
as  applied  to  military  planning,  breaks  up  into  an  almost  infinite 
variety  of  problems. 

A  Quartermaster  officer  of  30  years  ago  had  no  such  problems.  Had 
he  been  assigned  the  responsibility  of  establishing  a  system  of  supply 
for  full-scale  Army  operation  above  the  Arctic  Circle,  he  would  have 
assumed  that  he  was  the  victim  of  some  sort  of  grim  joke.  Although 
only  3  decades  have  passed,  no  crystal  gazer  of  that  day  was  available 
to  tell  us  what  we  know  now — that  the  whole  extent  of  this  uneasy 
world  is  a  potential  battleground. 

Until  the  Second  World  War,  the  Army’s  knowledge  of  the  Arctic 
was  limited.  We  had  to  start  our  planning  from  scratch.  The  more  we 
dug  into  the  subject  the  more  obvious  it  became  that  the  problems  we 
had  to  solve  before  our  troops  could  be  equipped  for  operations  in  the 
Far  North  were  unique  and  therefore  of  tremendous  difficulty. 

Three  weeks  ago  the  Associated  Press,  in  a  routine  news  dispatch, 
announced  the  plans  of  the  Scandinavian  Airlines  System  to  inaugu¬ 
rate  regularly  scheduled  passenger  service  from  Oslo  across  the  polar 
regions  to  Los  Angeles  or  Seattle,  beginning  next  summer.  The 
military  implications  of  this  announcement  are  quickly  apparent. 

The  distances  from  air  bases  in  northern  Europe  and  Asia  across 
the  North  Pole  to  our  cities  and  defenses  are  easily  within  the  capa¬ 
bilities  of  modern  bombing  planes.  An  attack  from  the  North  is  a 
possibility  for  which  we  must  make  provision. 

The  advances  of  science  in  the  military  as  well  as  in  all  other 
areas  have  been  so  rapid  that  we  are  all  somewhat  out  of  breath 
trying  to  apply  new  information  to  conventional  problems.  For  ex¬ 
ample,  conventional  methods  of  food  preservation  upon  which  we 
depend  mav  be  challenged  by  the  new  method  of  subsistence  preserva¬ 
tion  by  means  of  beta  and  gamma  rays.  If  this  system  proves  prac¬ 
tical  from  a  military  point  of  view,  a  whole  new  list  of  essential  prob¬ 
lems  of  a  special  nature  is  laid  before  us,  including  what  we  do  about 

packing  and  packaging.  . 

Fortunately,  our  potential  adversaries  are  faced  with  similar 
quandries.  However,  their  science  and  technology  are  being  pushed 
forward  with  utmost  energy  and  we  must  not  take  for  granted  any 
advantage  we  may  have.  I  believe  the  margin  is  in  our  favor,  but 
everything  we  can  do  to  widen  it  should  be  done.  American  know-how 
has  never  yet  been  surpassed,  though  it  is  seriously  challenged  many 
times,  and  to  relax  in  our  efforts  to  solve  our  technical  problems  would 
be  disastrous.. 
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This  symposium,  dealing  with  arctic  container  problems,  is  a  typi¬ 
cal  instance  of  American  team  play — the  voluntary  application  of 
specialized  industrial  thinking  to  a  specialized  problem  which  the 
Army  must  solve  as  soon  as  it  possibly  can. 

In  making  you  gentlemen  welcome,  I  wish  to  extend  the  hearty 
greetings  of  The  Quartermaster  General,  and  to  express  his  appre¬ 
ciation  of  your  valuable  cooperation. 

Before  I  turn  the  meeting  back  to  Dr.  Clark,  I  want  to  express 
our  appreciation  for  the  many  fine  ideas  and  the  patriotic  effort  that 
he  has  put  forth  in  the  past.  Dr.  Clark  recently  retired  from  active 
service  with  American  Can  Company.  However,  we  do  not  consider 
that  he  has  been  released  from  active  duty  for  us,  and  we  will  call 
on  him  for  many,  many  problems  in  the  hope  that  he  is  able  to  continue 
his  patriotic  efforts  for  us. 

CHAIRMAN  CLARK: 

Thank  you,  Col.  Jackson.  It  certainly  is  a  pleasure  to  hear  the  words 
that  you  have  just  spoken. 

Our  next  speaker  is  the  scientific  director  of  the  Quartermaster 
Food  and  Container  Institute,  Dr.  Donald  K.  Tressler. 


Importance  of  Low-Temperature  Performance  in  Military  Packaging 
D.  K.  TRESSLER: 

Few  persons— with  the  exception  of  those  who  have  had  personal 
experience  in  handling  products  at  very  low  temperatures — realize 
that  the  properties  of  containers  and  container  materials  are  likely  to 
be  far  different  at  extremely  low  temperatures.  My  introduction  to 
the  problem  of  differences  in  the  properties  of  some  packaging  mate¬ 
rials  goes  back  to  my  freshman  chemistry  days,  long  ago.  The  chem¬ 
istry  professor  cooled  a  rubber  ball  in  a  dry  ice-alcohol  mixture  and, 
attei  getting  it  down  approximately  to  the  temperature  of  the  dry  ice 
dropped  it  on  the  concrete  floor.  Instead  of  bouncing,  it  broke 
into  many  pieces.  Then  he  put  a  rose  into  the  mixture,  and  kept  it 
there  for  10  or  15  minutes.  When  it  was  removed  and  hX  wRh  a 
hammer,  it  shattered  as  if  it  had  been  glass  ™ 

moistureproof  <£»ophantJ^  capped  in 

“e~AlidoSfP?ho  *°  rf  an°Ut  because  °f  the  snblima?,™  of  ft® 

cellophane  were  shattered^ The  mTstareproofcelf  °h  moistureproof 
at  the  temperature  of  dry  ice  *»  !  cellophane  wrappings, 

into  many  small  piecef 
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ature  of  dry  ice,  moistureproof  cellophane— and,  for  that  matter 
many  other  ordinarily  flexible  sheetings— is  very,  very  brittle,  indeed.’ 

The  Armed  Forces  are  vitally  concerned  with  what  happens  to 
supply  containers  when  they  are  subjected  to  arctic  winter  tempera¬ 
tures.  We  do  not  know  when  it  will  be  necessary  to  move  military 
supplies  in  the  Arctic  in  winter,  but  we  must  be  prepared  for  just 
such  an  emergency.  It  is  evident  that  a  considerable  proportion  of 
our  stockpile  of  subsistence  and  other  supplies  should  be  in  con¬ 
tainers  which  will  stand  shipment,  handling,  and  storage  under  arctic 
winter  conditions. 

This  situation  is  recognized  by  our  military  commanders.  Service 
Regulation  No.  705-70-5C1,  Research  and  Development  of  Materiel,  Op¬ 
eration  and  Protection  of  Materiel  Under  Adverse  Conditions  of  Tem¬ 
perature,  published  by  order  of  the  Secretary  of  the  Army,  signed  by 
the  Chief  of  Staff,  United  States  Army,  states  as  follows:  “Storage. 
All  storage  materiel  must  be  susceptible  of  safe  storage  and  trans¬ 
portation  without  permanent  impairment  of  its  capabilities  from  the 
effects  of  temperature. 

“The  temperatures  for  storage  purposes  are : 

“1.  Lower  limit,  minus  80°  F.,  for  a  period  of  at  least  3  days 
duration. 

“2.  Upper  limit,  160°  F.” 

I  will  not  go  into  the  upper  limit  because  we  are  concerned  at  the 
moment  with  the  lower  limit. 

“However,  for  materiel  whose  physical  and  chemical  properties 
preclude  such  storage,  special  means  and  techniques  must  be  developed 
and  provided  to  meet  this  requirement.” 

Further,  it  should  be  noted  that  many  military  packaging  and 
packing  specifications  for  supplies  for  overseas  shipment  now  require 
that  these  packaging  materials  afford  adequate  protection  at  low 
temperatures.  For  example,  specification  MIL-A-101-A,  Adhesive, 
Water  Resistant,  for  sealing  fiberboard  boxes,  requires  that  the 
product  stand  tests  at  minus  40°  F. 

Specification  MIL-F-10400-A4,  Film,  Flexible,  Vinyl,  indicates  that 
Type  2  vinyl  film  must  stand  a  cold  crack  test  at  minus  40°  F.  and  a 

Clark  stiffness  test  at  minus  20°  F. 

It  has  long  been  realized  that  existing  low-temperature  test 
methods  are  not  wholly  adequate  for  testing  many  types  of  containers 
and,  perhaps,  some  container  materials.  Further,  much  of  the  equip¬ 
ment  now  used  for  testing  containers  and  container  materials  is  not 
satisfactory  for  use  at  such  low  temperatures  as  minus  80°  F.  We  need 
your  help  in  devising  both  tests  and  test  equipment  suitable  for  use  at 

low  temperatures.  , 

Also,  we  ask  your  advice  in  setting  up  low-temperature  standards 

for  containers  and  container  materials.  You  may  be  sure  that  your 
assistance  will  be  appreciated. 
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Packaging  Aspects  of  Modern  Combat 


CHAIRMAN  CLARK: 

Our  next  speaker*  really  doesn’t  need  any  introduction.  Col. 
Isker  has  given  a  lifetime  of  service  to  the  Armed  Forces.  He  is 
best  known  for  his  work  in  organizing  the  Subsistence  Research 
Laboratory  just  prior  to  the  outbreak  of  World  War  II.  He  had  quite  a 
struggle  convincing  his  superiors  that  there  ought  to  be  such  a 
laboratory.  As  I  remember,  he  had  one  part-time  helper  when  the 
installation  was  finally  approved  in  1939.  You  all  know  the  important 
function  performed  by  the  Subsistence  Research  Laboratory  during 
World  War  II.  Under  Col.  Isker’s  leadership  it  came  to  be  one  of 
the  most  important  research  units  in  the  country. 

After  the  war  was  over,  he  had  built  up  such  a  large  group  of 
friends  for  the  Quartermaster  Corps  that  a  group  of  them  got  together 
and  organized  the  Research  and  Development  Associates,  Food  and 
Container  Institute,  Inc.  This  is  a  membership  corporation,  and  each 
company  that  joins  pays  annual  dues.  The  money  is  spent  in  pro¬ 
moting  good  relations  between  the  technical  research  organizations 
in  industry  and  the  Food  and  Container  Institute  with  the  purpose  of 
improving  Armed  Forces  rations  and  Quartermaster  containers. 

It  was  my  pleasure  to  have  served  as  an  officer  of  that  group  for 
3  years  along  with  Col.  Isker  who  became  executive  secretary  after 
his  retirement  from  the  Army.  Thus,  even  after  completing  his  active 
service,  he  continued  to  serve  the  Quartermaster  Corps  through  the 
Research  and  Development  Associates.  His  leadership  has  been  largely 
responsible  for  the  success  of  this  organization,  which  has  made 
a  very  fine  contribution  to  the  work  of  the  Food  and  Container  In¬ 
stitute.  Col.  Isker. 

COLONEL  ROHLAND  A.  ISKER: 


As  our  society  becomes  more  and  more  complex,  so  do  our  wars 
become  complex.  In  the  time  of  Genghis  Khan,  troons  mnvpH  rmf  an/i 


taking  off  a  tank  or  a  75-millimeter 


i  time  stepping  up  to  your  mantel, 
gun  or  even  a  jet  plane,  and  going 


off  to  war. 


was  introduced  at  the  Luncheon  Meeting, 
'hat  follows,  the  paper  has  been  transposed 
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During  the  Revolutionary  War  and  the  Civil  War  we  depended  to  a 
large  extent  upon  living  off  the  land.  The  troops  did  drive  some 
cattle  with  them — whatever  cattle  they  could  round  up.  Living  off  the 
land  by  forage  was  rather  uncertain  and  the  soldiers  often  went 
hungry.  If  they  didn’t  go  hungry,  usually  the  civilians  did  after  the 
troops  had  gone  through  an  area. 

Now  we  have  gone  so  far  as  not  only  to  supply  our  own  troops  in 
any  zone  but  also  to  feed  the  civilian  population  of  the  occupied  areas. 
This  should  be  taken  into  consideration  in  any  future  war. 

During  the  past  25  years  we  have  made  tremendous  strides  in  the 
packaging  field.  I  remember,  for  example,  reporting  for  duty  at 
Monterey,  California,  when  I  returned  from  duty  in  the  Philippines. 
Going  out  to  the  Presidio,  I  saw  a  large  sign  on  a  store,  “Paris  Package 
Grocery.”  That  wTas  really  the  beginning  of  the  cash-and-carry  store, 
or  the  supermarkets  as  we  have  them  today.  Without  improved 
packaging,  of  course,  we  wouldn’t  have  the  supermarkets  nor  would 
we  get  nearly  as  good  food  and  as  sanitary  food  at  the  low  price  we 
do  today.  I  mention  this  briefly  only  in  bringing  up  the  next  point. 

Appropriations  by  the  Administration  usually  have  their  ups  and 
downs,  and  right  now  we  are  headed  into  another  area  of  saving. 
Usually  there  is  a  cut  made  across-the-board  and  too  often  it  cuts 
where  it  hurts.  Indications  are  that  they  want  to  cut  the  cost  of  the 
ration  by  cutting  out  much  of  the  packaging  and  packing  that  is  now 
called  for  in  specifications. 

I  know  that  Col.  Jackson  has  been  fighting  this  packaging  cut,  as 
has  everybody  else.  That  is  one  thing  they  always  pick  on.  You  people 
here  can  be  of  great  help  to  him  in  pointing  out  where  there  could  be 
savings  on  packaging,  where  it  might  be  eliminated,  but  also  where 
it  is  essential  to  retain  present  packaging  and  even  make  improve¬ 
ments. 

It  is  certainly  not  economical  if  we  save,  say,  $100,000  on  the 
original  purchase  and  then,  as  a  result,  lose  $200,000  worth  of  goods. 
Too  often,  in  making  up  the  Government  appropriations,  they  look 
only  at  the  amount  that  is  before  them  on  the  purchase,  and  want  to 
know  why  it  can’t  be  cut  down,  paying  little  attention  to  the  losses 
in  the  field. 

As  late  as  1940,  when  I  was  on  division  maneuvers  in  Texas  and 
Louisiana,  it  was  a  common  sight  to  see  the  mess  sergeants  come  oyer 
to  the  supply  dump  with  6  or  8  men  to  draw  their  subsistence  supplies. 
To  break  down  a  quarter  of  beef  weighing  in  the  neighborhood  of 
200  or  250  pounds,  with  each  mess  sergeant  insisting  that  he  get 
choice  cuts,  was  a  terrific  job.  Usually  one  mess  sergeant  would  go 
away  happy  and  3  would  go  away  very  unhappy. 

As  a  result  of  these  experiences,  we  decided  to  use  boneless  beef. 
When  I  came  to  the  Institute,  Dr.  White  was  working  on  this  product, 
and  I  immediately  backed  him  up.  My  experience  had  convinced  me 
of  the  great  advantages  of  boneless  beef.  We  sent  our  reports  in  to 


Washington,  including  a  complete  breakdown  of  costs,  and  proved 
to  the  satisfaction  of  the  War  Department  that  it  was  actually  cheaper 
to  supply  our  troops  with  boneless  beef  than  with  the  carcass  beef.  To 
begin  with,  you  save  two-thirds  of  the  space  in  storage,  and  cold  stor¬ 
age  is  expensive.  In  addition,  you  save  one-third  of  the  weight  in 
shipment. 

Nowadays,  boneless  beef  is  being  regarded  as  somewhat  of  a  luxury 
item,  and  I’m  afraid  that  unless  there  is  considerable  pressure  brought 
to  bear,  this  product  may  go  out  of  the  window. 

So  much  for  the  past.  As  research  men,  we  must  look  to  the  future. 

World  War  II  was  a  mobile  war  as  opposed  to  World  War  I,  where 
we  had  fairly  stabilized  trench  warfare.  Under  stabilized  warfare 
conditions,  it  was  fairly  simple  to  supply  even  hot  meals  in  the  front 
line  trenches,  as  long  as  one  could  keep  the  rats  away  from  the  food. 
But,  for  a  mobile  war,  we  had  to  devise  rations  that  the  man  could 
actually  eat  on  the  run.  As  a  result,  the  K,  C,  and  10-in-l  rations  were 
developed. 

General  Patton  had  one  of  the  fastest  moving  armies,  and  he  refused 
to  employ  any  rations  except  the  K  and  the  10-in-l.  He  couldn’t  be 
bothered  with  anything  in  bulk  or  anything  that  would  require  time 
for  preparation. 


If  World  War  II  was  a  mobile  war,  a  future  war  would  be,  I  am 
certain,  a  war  of  speed.  We  have  the  supersonic  plane,  new  and 
powerful  bombs,  and  submarines  that  are  no  longer  restricted  to  their 
normal  sphere  of  action  by  the  amount  of  fuel  available.  The  whole 
thing  might  be  over  with— as  was  stated  recently  by  a  high  Govern¬ 
ment  official — within  2  weeks. 


What  problems  would  such  a  war  pose?  This  is  my  estimate  of  the 
situation  If  the  war  is  going  to  be  over  in  2  weeks,  it  is  not  likely 
that  the  troops  wdl  progress  by  relatively  slow-moving  transportation 
as  in  World  War  II.  Many  of  our  troops  as  well  as  materiel  will  be 
moved  by  air,  and,  of  course,  we  have  had  excellent  training  for  this 
through  the  Berlin  Airlift.  If  that  is  the  case,  special  rations  will 
have  to  be  developed  for  the  feeding  of  the  men  while  in  transport 

after  thly  Cd  Rom.  C'f  th  °P  °n  Which  tr00Ps  can  subsist 

alter  they  land  Some  of  these  may  be  handled  by  air  drop  Later  on 

it  is  likely  that  planes  will  be  able  to  land  and  supply  them  that  wav 

since  it  is  possible  that  much  of  this  activity  mfght  be ^mediatelv 
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and  in  many  cases  it  will  be  a  drop  supply.  They  will  need  special 
rations  that  will  not  require  too  much  preparation. 

Now,  you  may  feel  that  we  have  good  rations  in  the  B,  the  5-in-l, 
and  the  C,  but  we  are  looking  to  the  future.  There  is  no  doubt  in  my 
mind  that  these  rations  can  be  greatly  improved,  even  if  they  are 
usable  at  this  time. 

Another  angle  of  packaging  research  to  which  I  think  some  atten¬ 
tion  should  be  given  concerns  the  effect  of  the  package  on  the  contents. 
Early  in  the  war  we  found  that  our  crackers  were  turning  rancid  in  a 
very  short  time.  In  analyzing  the  cartons,  we  found  that  there  were 
traces  of  iron  in  the  carton  which  acted  as  a  catalyst  and  caused 
rancidity  in  the  crackers. 

Just  last  week  I  was  in  a  Chicago  laboratory  which  had  received 
some  fruit  cakes  from  a  wholesale  baker  on  the  West  Coast.  These 
showed  marked  differences  according  to  the  city  from  which  they  were 
shipped.  The  fruit  cakes  sent  from  Los  Angeles  were  in  excellent 
condition ;  those  shipped  from  Portland  were  all  rancid.  I  said,  “Let’s 
see  the  container.”  Sure  enough,  the  paper  around  the  rancid  fruit 
cake  was  extremely  rancid ;  on  the  other  cake,  where  they  had  used 
a  different  type  of  paper,  the  fruit  cakes  were  perfectly  good.  So  we’ve 
got  to  watch  that  angle. 

I  believe  that  one  of  the  things  Col.  Jackson  wishes  you  to  give  some 
consideration  to,  again,  is  the  schooling  of  some  officers  in  packaging. 
During  the  last  war  we  had  a  school  at  the  Columbus  QM  Depot;  1 
think  it  was  a  2-week  course.  Naturally,  you’re  not  going  to  teach 
everything  in  2  weeks,  but  I  believe  they’ll  get  enough  information  so 
they  can  send  back  intelligent  reports.  On  the  other  hand,  these 
officers  are  usually  in  the  position  where  they  can  make  recommenda¬ 
tions  or  decisions  and  where  they  can  settle  policies.  Therefore,  they 
should  know  a  little  something  about  packaging. 

Of  course,  in  our  research  work  we  should  also  keep  in  mind  that 
in  time  of  war  there  is  a  shortage  of  materials. 

Naturally,  we  are  going  to  recommend  the  best,  but  I  know  from 
my  own  experience  in  World  War  II  that,  overnight,  we  had  to  find 
substitute  materials.  We  would  find  that  we  had  lost  a  certain  recom¬ 
mended  material,  and  they  would  ask  us  to  go  into  something  else. 
And  while  we  are  planning  ahead  of  time,  we  might  as  well  make 
plans  for  shortages  at  the  same  time. 

CHAIRMAN  CLARK: 

Thank  you,  Col.  Isker.  I’m  sure  everybody  appreciates  your  coming 
here  today  and  giving  us  this  fine  talk. 
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TECHNICAL  SESSION  NO.  1 

Earl  C.  Myers,  presiding 


II.  Facilities  for  Low-Temperature  Research 
CHAIRMAN  E.  C.  MYERS: 

As  the  lead-off  paper  in  the  technical  session,  we  thought  it  appro¬ 
priate  to  review  and  catalog  the  facilities  available  in  the  United 
States  for  conducting  low-temperature  research.  Mr.  P.  W.  Espen- 
schade  of  the  Corps  of  Engineers,  U.  S.  Army,  will  present  the  results 
of  an  extensive  survey  of  facilities  which  he  has  just  completed.  Mr. 
Espenschade,  consultant  for  the  Engineering  Research  and  Develop¬ 
ment  Laboratories  (ERDL)  at  Fort  Belvoir,  is  a  mechanical  engineer 
from  the  Drexel  Institute  in  Philadelphia ;  he  has  been  with  the  ERDL 
for  approximately  5  years.  During  the  war  he  was  in  the  Army 
Ordnance  Corps  both  as  an  officer  and  as  a  civilian.  He  has  specialized 
in  the  redesign  for  low-temperature  operations  of  heavy-duty  engines 
and  heavy-duty  earth-moving  equipment. 

Mr.  Espenschade. 


Observed  Facilities  for  Loiv-Temperature  Research  and  Test  of 

Military  Materiel 

P.  W.  ESPENSCHADE: 

Introductory  Considerations.  This  presentation  is  a  preliminary 
compilation  of  extracts  from  information  being  accumulated  as  a  hand- 

rSpmT  \ ^ecE*ginee1’  Research  and  Development  Laboratories 
(ERDL),  U.  S.  Army  Corps  of  Engineers,  Fort  Belvoir,  Virginia, 
t  is  intended  to  assist  project  engineers,  contracting  offices,  and 
anufacturers  m  planning  and  executing  climatic  tests  at  eligible 

ment  agendes  r<iSearCh  institutions-  industrial  concerns,  and  Govern- 

since^Worfd  °Wa v°TT  ‘l’*  in.c.re.®?ed  .interest,  military  and  commercial, 
since  World  War  II  in  activities  in  the  areas  of  global  climatic  pv 

set  irse  ssfseat  cur' 

Of  the  peculiar  problemsTnfo  ved  le  5'  *°  effect  Specific  solution« 
technicians,  procurement  agencies,  ^coMo'rs'tmewhaTTon1 


fused.  For  the  Department  of  the  Army,  2  regulations  (12)  eventually 
went  on  the  books  to  establish  policy  and  provide  a  military  basis  for 
specifying  environmental  limits  relative  to  materiel  and  personnel  (3) . 
Foi  the  Department  oi  the  Air  Force  and  the  Department  of  the  Navy, 
the  coverage  has  taken  other  forms  (1) .  Valuable  staff  coordination 
subsequently  developed  through  the  activity  of  the  Army's  Committee 
on  Environment  (6).  The  basic  requirements  for  extreme  low  tem¬ 
perature,  i.e.,  minus  80°  F.  for  storage  and  minus  65°  F.  for  opera¬ 
tions,  ultimately  became  rather  common  in  most  agencies  and  are  the 
main  concern  herein. 

All  of  the  regulations  and  policies  did  not,  per  se,  resolve  a  funda¬ 
mental  difficulty  in  the  accomplishment  of  the  mission  to  produce 
“proven  hardware.”  This  obstacle  continues  to  be  identified  as  a 
bottleneck  in  test  facilities,  i.e.,  the  prerequisite  low-temperature 
laboratories  for  research,  development,  qualification,  and  production 
sampling,  and  the  field  installations  for  service  test  and  troop  accept¬ 
ance  (or  modification) .  Unpredictable  and  inconclusive  “go-or-no-go” 
episodes  from  the  latter  are  all  too  common  as  a  penalty  for  neglecting 
or  by-passing  the  former,  right  down  to  elemental  materials  and 
techniques.  Apparently,  there  have  been  too  few  chambers  logically 
exploited  in  the  early  stages  of  research,  and  the  administrative 
process  of  selecting  or  sharing  even  those  has  often  presented  a  dis¬ 
proportionate  barrier  of  one  kind  or  another.  The  cry  became  “where 
shall  we  go  test,”  “how  long  will  it  take,”  “why  does  it  cost  so  much,” 
“let’s  get  a  waiver,”  etc.  Important  technical  aspects  were  ignored 
and  the  spirit  and  intent  of  the  requirements  became  compromised. 
In  the  field,  many  difficult  problems  have  been  involved  such  as  the 
great  distances  of  transportation  to  natural  locations,  personnel  to 
perform  tests,  and  necessary  supplies;  time  lost  in  waiting  for  tem¬ 
peratures  suitable  for  testing  and  then  the  short  duration  of  the 
factors  desired ;  lack  of  necessary  close  coordination  between  the  de¬ 
signers,  manufacturers,  and  testing  organizations;  time  lost  after 
required  modifications  and  redesign  have  been  accomplished  waiting 
for  repetition  of  natural  testing  conditions.  Such  experiences  were 
costly  and  exasperating,  but  they  did  serve  to  re-emphasize  the  need 
for  supplemental  year-round  testing  under  controlled  conditions  in 
the  laboratory.  Why  did  such  situations  develop  so  frequently?  One 
obvious  answer  seems  to  be  the  lack  of  a  handy  reference  register  or 
manual  of  climatic  test  facilities  and  an  understanding  of  their  pos¬ 
sibilities.  There  appears  to  have  been  little  help  in  the  existing  litera¬ 
ture  then  or  now.  Another  difficulty  was  and  still  is  the  relatively 
poor  liaison  between  interested  agencies  to  share  existing  facilities  or 
exchange  missions.  Inventory  efforts  have  been  made  but  they  are 
incomplete  or  lacking  in  engineering  criteria  for  practical  purposes 
(5),  localized  within  an  agency  (11),  or  area  (9),  and  not  widely 
circulated  except  where  the  local  press  registers  in  typical  places  (7). 
In  no  case  is  there  specific  information  consolidated  for  the  benefit  of 
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the  working  level,  backed  up  by  useful  illustrations  and  technical 

inspection,  with  the  intent  to  “sell’  the  product.  . 

A  careful  check  was  made  at  ERDL  of  the  elements  to  include 
on  a  facility  check  sheet  which  could  be  readily  accomplished.  The 
form  of  questionnaire  which  was  developed  has  proven  to  be  quite 
satisfactory,  when  coordinated  with  a  technical  reconnaissance  on  the 
premises.  It  might  be  of  value  to  examine  more  closely  a  number  of 
the  items  listed  on  the  questionnaire  form.  With  regard  to  floor  sur¬ 
face,  for  example,  it  must  be  kept  in  mind  that  well  insulated  chambers 
frequently  use  cork  or  other  materials  in  the  floor,  and  that  automati¬ 
cally  makes  rather  difficult  the  acceptance  of  a  high  load  unless  you 
timber  or  otherwise  arrange  for  additional  support.  Wall  surfaces  and 
the  age  of  the  installation  are  significant,  because  in  spite  of  guarantees 
which  may  have  been  made  when  your  facility  was  built,  8  or  10  years 
ago,  it  is  surprising  what  happens,  either  through  use  or  lack  of  use, 
in  “killing”  10  or  15  degrees  for  you  when  you  come  down  to  optimum 
use  of  one  of  the  rooms.  We,  therefore,  believe  that  some  analysis  of 
the  materials  in  the  construction  of  your  chamber  and  the  age  of  the 
installation  are  significant.  Regarding  accessibility  to  vehicles,  it  is 
sometimes  necessary,  of  course,  to  actually  move  automotive  equip¬ 
ment  into  some  of  these  chambers,  and  if  we  can’t  do  that,  we  would 
like  to  know.  Hoist  facilities  to  make  more  accessible,  or  reduce  load¬ 
ing  on  your  floors  to  handle  the  test  materiel,  are  important.  When  we 
get  down  into  the  part  about  controlled  ranges,  the  temperature  and 
environmental  requirements  predominate — the  matter  of  temperature 
for  continued  storage ;  temperature  for  continued  operation  where  you 
have  a  heat  load ;  wind ;  altitude ;  humidity ;  dry  air  supply ;  exhaust 
capacity;  rain  or  mist  capacity;  solar  radiation;  and  the  combinations 

the  actual  analysis  of  your  plant  capacity  to  produce  required 
results. 

It  is  necessary  to  study  or  estimate  what  the  heat  extraction  loads 
with  a  given  refrigeration  system  may  be  at  the  limits  where  we  are 
working,  starting  at  minus  65° F.,  if  there  is  appreciable  operational 
heat  created  within  the  chamber.  Other  capabilities  of  interest  may 
include  the  creation  of  dust,  snow,  salt  spray,  provisions  for  furnish¬ 
ing  cooled  fuel,  oil,  or  something  of  that  sort.  There  are  also  the 
auxiliary  services  and  protective  features  that  go  with  your  chambers 
m  connection  with  dynamometers,  gas  detection,  fire  protection  and 
all  the  rest  of  it.  We  finally  provide  on  an  extra  sheet  for  an  analysis 
of  the  particular  equipment  that  may  be  of  interest  to  your  require¬ 
ments-, instrumentation,  ordinarily-but  we  omit,  of  course  the 
matter  of  costs  as  a  private  problem  to  take  up  on  an  individual  basis 

although  a  Record  is" desired  Sh°U'd  ^  PUbHdZed  ^scrimmately! 

eral,  only  the  data  regarding  cold  rooms  will  be  described  here.  ERDL 
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contract  experience  with  many  of  the  facilities  listed  has  been  the 
basis  of  their  selection  for  the  initial  survey  to  provide  for  immediate 
needs.  No  limitations  are  intended,  however,  and  contracts  are  solic¬ 
ited  to  make  maximum  use  of  the  procedure  outlined.  Of  course,  the 
actual  mechanics  of  finalizing  any  arrangements  for  work  involve 
additional  considerations  of  backlogs,  priorities,  costs,  etc.,  which  are 
beyond  the  scope  of  this  presentation. 

COLD  ROOMS  OF  EDUCATIONAL  INSTITUTIONS 

Cornell  Aeronautical  Laboratory,  Inc., 
Buffalo,  N.  Y. 

This  agency,  affiliated  with  Cornell  University,  is  active  in  many 
aeronautical  sciences  with  particular  regard  to  the  history,  physics, 
physiology,  and  mechanics  of  high  altitude  flight.  Work  in  the  low- 
temperature  altitude  chamber  (Figure  1)  has  dealt  with  a  variety  of 
problems  such  as  carburetor  de-icing,  cabin  heating,  air  conditioning 
of  high  speed  aircraft,  and  properties  of  materials  at  low  temperature. 
For  small  packaging  work,  the  chamber  should  be  quite  satisfactory. 
Sub-contract  work  for  ERDL  was  successfully  accomplished  in  low- 
temperature  investigations  down  to  minus  65°F.  The  problem  was  to 
determine  the  effect  on  starting  and  operating  of  a  typical  industrial 
gasoline  engine  under  low-temperature  conditions  when  varying  the 
setting  or  adjustment  of  spark  plug  gap,  distributor  gap,  ignition 
condenser  capacity,  ignition  timing,  valve  timing,  carburetor,  and 
cranking  speeds  utilizing  field  and  arctic  grade  fuels.  A  table  of  “opti¬ 
mum  adjustments”  was  subsequently  prepared. 


FIGURE  1.  Low-temperature  altitude  chamber  at  Cornell  University. 
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Dimensions  (lxwxh  in  ft.)  30x10  diam. 

Access  Portal  (hxw  in  ft.)  7x4 

Floor  and  Loading  Steel;  250  psf 

Observation  Windows  . . Yes 

Installed  Services: 

Elect.  Power  .  Yes;  AC  &  DC 


Signal  Intercom  .  ...  - Yes 

Dynamometer  . No 

Compressed  Air  . . . . ..  Yes 

Drains  . Yes 

Spare  Apertures  _ _ _...Yes 


Refrigeration  Cap 

(tons  at  °F.)  - 36  @  — 85 

Refrigeration  System - Freon  12 

Min.  Temp,  for  Cont’d  Storage 

(°F.)  _ —75 

Heat  Extraction  at  — 65  °F. 

(btu/hr.)  _ 200,000 

Wind  Capability  - Yes 

Altitude  Capability 

(ft.  at  °F.)  . .  50,000  @  —65 

Dry  Air  Supply  (cfm)  _ 1400 


Exhaust  Cap  (cfm  at  °F.)  2100  @  72 

Remarks:  A  floor  approximately  4'  wide  runs  the  entire  length  of  the  cylinder 
and  provides  head  room  of  approximately  9'.  Chamber  at  one  end  has  a  manlock 
(7x7  diam.).  Entire  end  bell  of  10'  diam.  may  be  removed  at  other  end  for  large 
equipment.  There  is  provision  for  shaft  extensions  through  wall  to  operate 
rotating  equipment. 


The  Pennsylvania  State  University, 
State  College,  Pa. 

Independent  research  has  been  an  active  part  of  the  activity  at  this 
institution.  Typical  of  its  customers  are  the  State  of  Pennsylvania ; 
petroleum  industries;  diesel  engine  manufacturers;  manufacturers  of 
aluminum  and  insulating  products ;  the  Navy  Bureau  of  Ordnance ; 
the  Army  Engineer  Corps,  Ordnance  Corps,  and  Quartermaster  Corps! 
The  “Chmatometer”  (Figure  2)  or  proposed  all-weather  room  mate¬ 
rialized  during  World  War  II  as  the  result  of  action  by  the  Office  of 
Production  Research  and  Development  of  the  U.  S.  Dept,  of  Com¬ 
merce.  A  new  chamber  in  another  building  recently  provided  by  the 
State  provides  an  excellent  facility  for  packaging  work.  Work  under 


FIGURE  2 

The  climatometer  or  all-weather  room 
at  Pennsylvania  State  University. 
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way  for  ERDL  involves  low-temperature  cranking  torque  and  cold¬ 
starting  tests  of  prototype  industrial  gasoline  and  diesel  engines 
down  to  minus  65°F.  under  contracts  DA-44-009  Eng  765  and  Eng 
1041.  Considerable  instrumentation,  including  dynamometer  control 
and  strain  gauge  pressure  pick-ups,  has  been  added  for  such  investi¬ 
gations. 


CLIMATOMETER 


Dimensions  (lxwxh  in  ft.)  30  x  22  x  17 


Access  Portal  (hxw  in  ft.)  4x7  (L) 

6x10  (S) 


Floor  and  Loading 

Concrete;  50  T. 

Observation  Windows 

1 

Installed  Services: 

Elect.  Power 

Yes;  AC 

Signal  Intercom 

Yes 

Dynamometer  _ 

Yes 

Compressed  Air 

Yes 

Drains  _ 

Yes 

Spare  Apertures  .... 

Yes 

Remarks:  Presently  divided  into  2  rooms, 
for  smaller  (S) . 


Refrigeration  Cap  (tons  at  °F.) 


Refrigeration  System  Ammonia 

Min.  Temp,  for  Cont’d  Storage 

( °F.)  _ _ _ _ _ . _ _ -65 


Heat  Extraction  at  — 65  °F. 

(btu/hr.)  _  _ 

Wind  Capability  (mph  at  °F.)  ...  None 

Altitude  Capability  (ft.  at  °F.)  None 

Dry  Air  Supply  (lbs. /min.  at 

°F.)  _ None 

Exhaust  Cap  (cfm  at  °F.)  . . 

i.e.,  19  x  22  for  larger  (L)  and  10 %  x  22 


COLD  CHAMBER 


Dimensions 

(lxwxh  in  ft.)  15x16x7% 

Access  Portal  (hxw  in  ft.)  6x5 


Floor  and  Loading  Concrete;  20  T. 
Observation  Windows  1 

Installed  Services: 

Elect.  Power  Yes;  AC  &  DC 


Signal  Intercom  No 

Dynamometer  No 

Compressed  Air  Yes 

Drains  Yes 


Spare  Apei’tures 


Refrigeration  Cap  (Tons  at  °F.) 

Refrigeration  System  Freon  F-12 

Min.  Temp,  for  Cont’d  Storage 

(°F.)  ...  . . — 100 

Heat  Extraction  at  —  65° F. 

(btu/hr.)  75,000 

Wind  Capability  (mph  at  °F.)  None 

Altitude  Capability  (ft.  at  °F.)  None 

Dry  Air  Supply  (lbs./min.  at 


op  )  . . None 

Exhaust  Cap  (cfm  at  °F.)  None 
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University  of  Minnesota, 
Minneapolis,  Minn. 


This  facility  has  been  quite  satisfactory  for  ERDL  low-temperature 
research  on  engine  accessory  pump  (coolant,  fuel,  and  oil)  (Figure  3) 
characteristics  at  various  temperatures  down  to  minus  65°F.  A  newer 
room  is  being  provided  for  both  constant  temperature  and  humidity 
tests.  This  institution  provides  another  satisfactory  outlet  where  con¬ 
tractors  can  go  for  assistance  in  various  types  of  low-temperature 
work.  However,  it  does  not  have  altitude  or  high-temperature  pro¬ 
visions. 


FIGURE  3 

The  University  of  Minnesota  facility 
for  low-temperature  research. 


OLD  COLD  ROOM 


Dimensions  (lxwxh  in  ft.)  17x10x7 


Access  Portal  (hxw  in  ft.)  _ 6%x6 

Floor  - Wood 

Observation  Windows  (hxw 
in  ft.)  - Yes 

Installed  Services: 

Elect.  Power  _ Yes 

Signal  Intercom  _ Yes 

Dynamometer  _ _ .. _ No 

Compressed  Air  _ No 

Drains  _ 

Spare  Apertures  _ 


Refrigeration  Cap  (tons  at  °F.)  _ 

Refrigeration  System  _ 

Min.  Temp,  for  Cont’d  Storage 

<°F.)  - -70 

Heat  Extraction  at  — 65  °F. 

(btu/hr.)  - 10,000 

Wind  Capability  (mph  at  °F.)  None 

Altitude  Capability  _ None 

Dry  Air  Supply  (lbs./min  at 

°F.)  - - - - ..  None 

Exhaust  Cap  (cfm  at  °F.)  None 


NEW  COLD  ROOM 


Dimensions  (lxwxh  in  ft.)  20x16x10 
Access  Portal  (hxw  in  ft.)  ..  7X4 

r»v°°r  • -  - Concrete 

Observation  Windows  (hxw  in  ft.)  No 
Installed  Services: 


Elect.  Power 
Signal  Intercom 
Dynamometer 
Compressed  Air 
Drains 

Spare  Apertures 


Yes 

Yes 

No 

Yes 


Refrigeration  Cap  (tons  at  °F.) 

Refrigeration  System 

Min.  and  Max.  Temp,  for  Cont’d 

Storage  (°F.)  . 50  to  120 

Heat  Extraction  at  — 40 °F. 

w(blU/hr,)  - 20,000 

Wind  Capability  (mph  at  °F.)  None 
Altitude  Capability  (ft.  at  °F.)  None 
Dry  Air  Supply 

(lbs/min  at  °F.)  ...  225(5)68 

Exhaust  Cap  (cfm  at  °F.)  3000(5)68 
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COLD  ROOMS  OF  INDUSTRIAL  ORGANIZATIONS 

Aluminum  Corporation  of  America, 
Cleveland,  Ohio 

The  facility  was  originally  surveyed  by  ERDL  in  connection  with 
a  pioposed  investigation  relating  to  the  differential  contraction  and 
expansion  of  high  mortality  engine  parts  under  extremes  of  tempera¬ 
ture,  and  effects  on  cranking  and  compression.  This  room  (Figure  4) 
has  many  desirable  features  but  currently  lacks  equipment  to  reduce 
and  hold  the  temperature  below  minus  40° F.  Means  to  expand  the 
area  of  operations  have  been  studied. 


Dimensions  (lxwxh  in  ft.)  20x10x10 

Access  Portal  (hxw  in  ft.)  . 8x7 

Floor _ _ - . - . Terrazo 

Observation  Windows 

(hxw  in  ft.)  .  2x2 

Installed  Services: 

Elect  Power  Yes:  AC  &  DC 

Signal  Intercom  . Yes 

Dynamometer . Yes 

Compressed  Air  . -Yes 

Drains  _ . —Yes 

Spare  Apertures  . . No 

Remarks:  Dynamometer  ratings:  200 
motoring  @  6000  rpm. 


FIGURE  4 

Cold  room  at  ALCOA’s  Cleveland 
plant  used  to  test  engine  parts  under 
extremes  of  temperature. 


Refrigeration  Cap 

(tons  at  °F.)  — . .  40(5)70 

Refrigeration  System  . . . 

Min  Temp  for  Cont’d 
Storage  (°F.)  . - . — 40 

Heat  Extraction  at  — 25° F. 

(btu/hr)  _ . . . 180,000 


Wind  Capability  (mph  at  °F.)  None 
Altitude  Capability  (ft.  at  °F.)  None 

Dry  Air  Supply  (lbs/min  at  °F.) - 

Exhaust  Cap  (cfm  at  °F.) 

absorption  @  6000  rpm,  and  150  HP 


HP 
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Bendix-Eclipse  Machine  Division, 
Elmira,  N.  Y. 

The  cold  room  (Figure  5)  serves  to  evaluate  engine  cranking  sys¬ 
tems,  Bendix  drives,  and  fuel  pumps.  There  are  no  practical  limita¬ 
tions  at  minus  65°  F.  on  engine  size  for  starting  tests,  including  pro¬ 
visions  for  running  heaters  up  to  approximately  75,000  btu  capacity 
(external  exhausting).  Operational  limits  at  minus  65°  F.  are  esti¬ 
mated  to  be  restricted  to  a  7(4  kw  gasoline-driven  generator  set  or  a 
15  kw  diesel  engine-driven  set.  While  the  room  cannot  operate  too 
long  without  a  heavy  heat  extraction  problem,  the  staff  of  operators 
is  highly  qualified.  The  facility  would  very  likely  be  available  for 
outside  work. 


FIGURE  5 

Bendix-Eclipse  cold  room  for  evalua¬ 
tion  of  cranking  systems,  drives,  and 
fuel  pumps. 


Dimensions  (Ixwxh  in  ft.)  .  26x11^x8 
Access  Portal  (hxw  in  ft.)  3^x6% 
Floor  and  Loading  Concrete:  4T. 

Observation  Windows  (hxw  in  ft.)  2 


Installed  Services: 
Elect  Power 
Signal  Intercom 
Dynamometer 
Compressed  Air 

Drains  _ 

Spare  Apertures 


Yes;  AC  &  DC 

- Yes 

- No 

. - . Yes 

- No 

- Yes 


Refrigeration  Cap  (tons  at 

°F-)  . . — . -.11.6(3)— 65 

Refrigeration  System . .  Ammonia 

Min  Temp  for  Cont’d  Storage 

(°F.)  - - - — 65 

Heat  Extraction  at  — 65°F.  (btu/hr) 
Wind  Capability  (mph  at  °F.)  ...  None 
Altitude  Capability  (ft.  at  °F.)  ..None 

Dry  Air  Supply  (lbs/min  at  °F.)  _ 

Exhaust  Cap  (cfm  at  °F.) 


Caterpillar  Tractor  Company, 
Peoria,  III. 
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at  temperatures  up  to  125°F.  through  the  use  of  resistors  located 
theiein.  They  also  have  provisions  for  wind,  a  good  exhaust  capacity, 
hoist  facilities,  and  a  fairly  high  heat  extraction  ability.  The  special 
spring-mounted  bedplate  in  the  floor  is  carried  in  a  large  sheet  metal 
containei  testing  on  alloy  springs  suited  to  low-temperature  work. 
When  not  in  use,  the  bedplate  rests  on  jack  screws.  The  coupling  ex¬ 
tending  beyond  the  pedestal  bearing  connects  to  a  dynamometer  just 
outside  the  large  cold  room.  When  the  room  is  at  low  temperature, 
test  engines  can  be  brought  in  through  a  precooled  vestibule.  The 
small  room  (Figure  7)  follows  the  same  principle  of  construction.  It 
can  be  used  for  testing  individual  engines  and  studies  of  lubricants, 
fuels,  and  other  materials  under  low-temperature  conditions.  Starting 
and  operational  tests  at  minus  65° F.  of  winterized  Model  D7  and  D8 
tractors  have  been  successfully  accomplished  in  these  facilities  for 
ERDL  in  connection  with  heating  system  development  contracts. 


FIGURE  6 

Caterpillar’s  facilities  for  low-temper¬ 
ature  atmospheric  pressure  studies. 
Here  shown  is  the  large  room  for 
tractors  and  dynamometer  tests. 


LARGE  CHAMBER 


Dimensions  (lxwxh  in 

ft.)  . . . . 34x21xl4(#l) 

Access  Portal  (hxw  in  ft.)  .  11x12 

Floor _ Concrete 

Observation  Windows - Yes 

Installed  Services: 

Elect  Power  Yes:  AC  &  DC 

Signal  Intercom  . - . . Yes 

Dynamometer  . — . - . Yes 

Compressed  Air . Yes 

Drains  . . — . - . Yes 

Spare  Apertures  . . - . Yes 


Refrigeration  Cap  (tons  at 

°F.)  . __ . . . .13.5(3)— 60 

Refrigeration  System  - - 

Min  Temp  for  Cont’d  Storage 

(°F.)  _ —65 

Heat  Extraction  at  — 60°  F. 

(btu/hr)  - - - . 162,000 

Wind  Capability  (mph  at 

°F.)  . . . . - . 15@— 60 

Altitude  Capability  (ft.  at  °F.)  .  None 
Dry  Air  Supply  (lbs/min  at 

»F.)  . — . . — . — . . - . None 

Exhaust  Cap  (cfm  at  °F.)  2500@ — 65 


Remarks:  Dynamometer  rating:  1200  HP  absorption  at  500  rpm  and  up,  and 
80  HP  motoring  for  same  speed  range.  Room  may  be  operated  as  high  as  125°F. 
Floor  is  of  cellular  construction,  allowing  spaces  for  engine  bedplate,  etc.  Hoist 


facility,  capacity  12,000  lbs. 
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FIGURE  7 

The  small  room  for  testing  individual 
engines,  lubricants,  fuels,  and  other 
materials  under  low-temperature  con¬ 
ditions  at  Caterpillar. 


SMALL  CHAMBER 


Dimensions  (lxwxh  in 

ft.)  _ _  .13x8x8-2/3  (#2) 

Access  Portal  (hxw  in  ft.)  .  .  .  6M>x 4% 

Floor  and  Loading  _ Concrete 

Observation  Windows  . . Yes 

Installed  Services: 

Elect  Power  .  Yes:  AC  &  DC 

Signal  Intercom _ Yes 

Dynamometer  _ No 

Compressed  Air  . . Yes 

Drains  . Yes 

Spare  Apertures  _ Yes 


Refrigeration  Cap  (tons  at 

°F.)  _ _ _ _ 1.2@— 60 

Refrigeration  System  . . . . 

Min  Temp  for  Cont’d  Storage  (°F.)  .... 
Heat  Extraction  at  — 60°F. 

(btu/hr)  _ 14,400 

Wind  Capability  (mph  at  °F.)  None 
Wind  Capability  (mph  at 

°F.)  . . _.15@-60 

Altitude  Capability  (ft.  at  °F.)  None 
Exhaust  Cap  (cfm  at  °F.)  _ None 


Chrysler  Corporation, 
Detroit,  Mich. 


The  low-temperature  performance  laboratory  consists  of  3  cold 
rooms  and  2  super-cooled  boxes  which  are  used  to  check  individual 
parts  of  the  Company’s  products.  The  low-temperature  chassis  room 
(Figure  8)  is  large  enough  to  contain  3  automobiles  and  is  used  mainly 
to  check  vehicle  warm-up  performance.  A  dynamometer  is  available 
to  determine  chassis  friction.  Inertia  discs  attached  to  the  chassis 
roils  (dynamometer)  shaft  makes  it  possible  to  simulate  road  load 
acceleration.  Using  the  dynamometer  as  a  generator,  tests  are  con¬ 
ducted  to  determine  the  effect  of  temperature  and  various  lubricants 
fuel  economy  Another  dynamometer  is  used  on  engine  work  only 

veloc  k  !  ™Ster  performance  tests  may  be  made  with  wind 
ocities  up  to  60  mph.  Temperature  range  is  from  minus  40°F  to 
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plus  80 °F.  The  low-temperature  engine  room  (Figure  9)  is  used  for 
cranking  and  starting  tests.  A  small  dynamometer  is  available  for 
accessory  drives.  Temperature  range  is  as  above.  The  extreme  tem¬ 
perature  room  (6'x8')  is  for  non-heat-producing  component  system 
and  material  evaluation  down  to  minus  75°F. 


FIGURE  8 

Chrysler’s  low-temperature  perform¬ 
ance  laboratory — the  low-temperature 
chassis  room. 


FIGURE  9 

The  low-temperature  engine  room 
at  Chrysler. 


CHASSIS  ROOM 


Dimensions  (lxwxh  in  ft.)  24x40  (C) 


Access  Portal  (hxw  in  ft.)  _ 7x7 

Floor  and  Loading  . — 

Observation  Windows _ _  Yes 

Installed  Services: 

Elect  Power  . ....Yes 

Signal  Intercom . . . Yes 

Dynamometer  . Yes 

Compressed  Air  - 

Drains  . . - . Yes 

Spare  Apertures  . Yes 


Refrigeration  Cap  (tons  at 

°F.)  „  . . 150@— 10 

Refrigeration  System  Ammonia 

Min  Temp  for  Cont’d  Storage 

(°F.)  _ —40 

Heat  Extraction  at  —65°  F. 

(btu/hr)  _ _ — . 

Wind  Capability  (mph)  . . .  60 

Altitude  Capability  (ft.  at  °F.)  None 

Dry  Air  Supply  (lbs/min  at  °F.) 
Exhaust  Cap  (cfm  at  °F.)  — . 


Remarks:  The  low-temperature  chassis  room  (C)  is  used  to  check  vehicle  warm-up 
performance,  employing  a  dynamometer  with  90  HP  absorption  capacity.  The 
low-temperature  engine  room  is  used  for  cranking  and  starting  tests,  employ¬ 
ing  a  small  dynamometer  with  10  HP  motoring  capacity  for  components.  A 
separate  dynamometer  with  100  HP  absorption  rating  is  available  for  engine  work 
only  in  the  chassis  room.  Super-cold  boxes  (3x5)  for  checking  small  parts  down 
to  — 90 °F.  are  also  utilized. 
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Cummins  Engine  Company, 
Columbus,  Ind. 

This  company  is  participating  in  the  development  of  winterized 
diesel  powered  generator  sets  for  ERDL  and  conducts  climatic  tests 
accordingly.  (Figure  10.) 


FIGURE  10 

The  cold  room  at  Cummins  Engine 
Company. 


Dimensions  (lxwxh  in  ft)  lS^xlOxll 

Access  Portal  (hxw  in  ft)  . 6t4x5 

Floor  and 

Loading _ Concrete  with  bedplate 

Observation  Windows _ Yes 

Installed  Services: 

Elect  Power . Yes:  AC  &  DC 

Signal  Intercom _ Yes 

Dynamometer  _ Yes 

Compressed  Air _ _ Yes 

Drains  _  N0 

Spare  Apertures  _ Yes 


Refrigeration  Cap  (tons  at 

°F.)  _ 4.8(a)— 65 

Refrigeration  System  _ _ 

Min  Temp  for  Cont’d  Storage 

( °F.)  _ —80 

Heat  Extraction  at  — 65  °F. 

(btu/hr)  - 58,000 

Wind  Capability  (mph  at  °F.)  ....None 

Altitude  Capability  (ft.  at  °F.)  .  None 

Dry  Air  Supply  (lbs/min  at 


F.)  ... 
Exhaust 
°F.)  .. 


Cap  (cfm  at 


None 


80  for  heaters 


Remarks:  Dynamometer  rating:  40  HP  absorption  at  2100/5400  rpm,  and  100  HP 
motoring  at  3400  rpm. 


Delco-Remy, 
Anderson,  Ind. 


This  CMC  Division  has  been  involved  in  related  research  problems 
for  many  electrical  accessories  involving  batteries,  cranking  motors 
etc.,  which  are  utilized  in  modern  winterized  vehicles  and  stationary 
quipment.  In  addition  to  the  main  cold  chamber  for  vehicles  (Figure 
),  there  is  also  a  smaller  chamber  for  engine  and  component  testing 
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Dimensions  (lxwxh  in 

ft.)  _ _ _ .....30x13x10  (#1) 

20x20x10  ( #2) 
Access  Portal  (hxw  in  ft)  8x10  (#1) 
Floor  and  Loading  Concrete:  15  psi 

Observation  Windows  . . Yes 

Installed  Services: 

Elect  Power _ Yes:  AC  &  DC 

Signal  Intercom  . ...Yes 

Dynamometer  Provision  for  in  #2 

Compressed  Air _ Yes 

Drains  . ...Yes 

Spare  Apertures  . Yes 


Refrigeration  Cap  (tons)  _ 54.3 

Refrigeration  System  _ _ 

Min  Temp  for  Cont’d  Storage 

(°F.)  . >....—  60 

Heat  Extraction  at  — 40°F. 

(btu/hr)  _ 100,000 

Wind  Capability  (mph)  . 25 

Altitude  Capability  (ft.  at  °F.)  .  None 

Dry  Air  Supply  (lbs/min  at  °F.)  _ 

Exhaust  Cap  (cfm)  „ . .200 


Remarks:  The  cold  room  is  divided  into  2  parts.  The  front  (No.  1)  is  large  enough 
to  accommodate  vehicles,  and  the  rear  (No.  2)  issued  for  storage  and  testing  of 
smaller  components.  Engine-mounting  bedplate  is  in  No.  2.  Engine  cranking  and 
firing  tests  are  activities  for  which  No.  1  is  used  primarily.  Dynamometer  rating 
is  200  HP  absorption  at  1700/6000  rpm  and  150  HP  motoring  at  1500/6000. 
There  is  a  1-ton  hoist  in  No.  2. 


General  Motors  Corporation, 
Detroit,  Mich. 


The  Detroit  Diesel  Engine  Division  is  participating  in  the  develop¬ 
ment  of  winterized  diesel-powered  generator  sets  for  ERDL  and  con¬ 
ducts  climatic  tests  accordingly.  (Figure  12.) 
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Dimensions  (lxwxh  in  ft.)  30x19x9 

Access  Portal  (hxw  in  ft)  . -.10x8 

Floor  and  Loading  Concrete;  500  psf 
Observation  Windows  (hxw  in  ft.)  - 


Installed  Services: 

Elect  Power  . . 

Signal  Intercom 
Dynamometer 
Compressed  Air 

Drains  - - 

Spare  Apertures 


Yes :  AC  &  DC 
Yes 
Yes 
Yes 
Yes 
No 


Refrigeration  Cap  (tons  at 

op  ^  _ 8.7(5) — 72 

Refrigeration  System  - 

Min  Temp  for  Cont’d  Storage 

(°F.)  _ ... _ _ _ “ 66 

Heat  Extraction  at  — 65  °F. 

(btu/hr)  - 104,400 

Wind  Capability  (mph  at 

°F.)  _ 10(5) — 65 

Altitude  Capability  (ft.  at  °F.)  .  None 
Dry  Air  Supply  (lbs/min  at 

°F.)  _ None 

Exhaust  Cap  (cfm)  - 500 


Remarks:  Dynamometer  rating  is  150  HP  absorption  at  2800  rpm,  and  90  HP 
motoring  at  3000  rpm. 


Hobart  Brothers  Company, 
Troy,  Ohio 


This  manufacturer  was  one  of  the  pioneers  in  developing  winterized 
gasoline-powered  generator  sets  for  ERDL  and  has  conducted  a  broad 
range  of  climatic  tests  therefor.  The  cold  chamber  (Figure  13)  de¬ 
scribed  is  relatively  new. 


FIGURE  13 

Hobart  Brothers  Company  cold  room 
for  conducting  a  broad  range  of 
climatic  tests. 


Dimensions  (lxwxh  in  ft) 
Access  Portal  (hxw  in  ft) 

Floor  . . 

Observation  Windows 


12x8x11 
— 614x4 
Concrete 
_ Yes 


Installed  Services: 

Elect  Power . 

Signal  Intercom 
Dynamometer 
Compressed  Air 

Drains  . . . 

Spare  Apertures 


Yes:  AC  &  DC 

----- . . Yes 

- _ No 

No 

. -No 

. --- . No 


Refrigeration  Cap  (tons  at  °F.) 

Refrigeration  System 

Min  Temp  for  Cont’d  Storage 

(°F.)  - . . . . . . . ._7 

Heat  extraction  at  —65°  F.  (btu/hr) 


Wind  Capability  (mph  at  °F.)  ...  None 
Altitude  Capability  (ft.  at  °F.)  None 
Dry  Air  Supply  (lbs/min  at 


„  - . . 30(5)32 

Exhaust  Cap  (cfm  at  °F.) 
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International  Harvester  Company, 
Melrose  Park,  III. 

This  company’s  Melrose  Park  Works  has  a  new  facility  which  is 
desciibed  here.  Specific  details  of  the  Fort  Wayne  cold  room  are  not 
available  at  this  writing  . 


Dimensions  (lxwxh  in 

ft.)  - A-21xl7xl3 

B-36xl8xl3 

Access  Portal  (hxw  in  ft.)  _  10x12 

Floor  and  Loading  Concrete;  250  psi 


Observation  Windows  and 

Personnel  Entries . . ..Yes 

Installed  Services: 

Elect  Power  . . .Yes 

Signal  Intercom . . Yes 

Dynamometer 

200  HP  to  be  installed 

Compressed  Air _ Yes 

Drains  _ Yes 

Spare  Apertures  _ Yes 


Refrigeration  Cap  (tons  at 
°F.)  . ----- .  .13@— 65 

Refrigeration  System  Freon  22 

Min  Temp  for  Cont’d  Storage 

( °F.)  _ —80 

Heat  Extraction  at — 65°F.  (btu/hr).. 

Wind  Capability  (mph  at  °F.)  _ 

Altitude  Capability  (ft.  at  °F.)  None 

Dry  Air  Supply  (lbs/min  at 

°F.)  . . . . As  req. 

Exhaust  Cap  (cfm  at  °F.) ...  1110(6)70 


Remarks:  “A”  room  is  for  0°F.  and  opens  on  ramp  outside  building.  “B”  room  is 
— 65 °F.  test  chamber  and  mounts  a  3-ton  crane  with  11'3"  clearance.  “C”  anteroom 
at  opposite  end  from  main  entrance  is  8'x6'  with  6'6"  x  3'8"  doors.  Construction 
and  installation  of  instrumentation  are  incomplete. 


Perfection  Stove  Company, 
Cleveland,  Ohio 

This  manufacturer  was  one  of  the  pioneers  in  developing  heating 
systems  for  the  power  plants  and  crew  compartments  of  winterized 
military  end  items.  Since  1952,  the  huge  new  cold-weather  testing 
laboratory,  in  a  separate  building  adjacent  to  the  company’s  Research 
and  Engineering  Center,  has  been  the  scene  for  a  broad  range  of  low- 
temperature  climatic  tests  on  full  scale  models  of  Air  Force,  Army, 
and  Navy  vehicles  generally,  and  engine-generator  sets  for  ERDL 
particularly.  Entry  at  ground  level  to  the  main  cold  chamber  (Figure 
14)  is  facilitated  for  large  vehicles  by  12'xl2'  double  doors  into  the 
anteroom  or  chill  chamber,  and  the  cold  room  itself.  Smaller  doors  are 
available  for  personnel  entry.  Air  circulation  totals  30,000  cfm 
through  the  refrigerated  bunker  coils.  The  air  dryer  supplies  make-up 
air  at  minus  10°F.  dew  point  during  a  live  load  test  at  minus  65°F. 
A  supply  of  military  antifreeze,  fuels,  and  lubricants  confoiming  to 
low-temperature  specification  requirements  is  maintained  and  can  be 
made  available  to  contractors  who  lease  the  use  of  the  facility.  Ex¬ 
tensive  instrumentation  has  been  employed,  based  on  increasing  de¬ 
mands  of  research  contracts.  Projects  are  under  way  for  ERDL  in 
connection  with  the  selection  and  application  of  thermal  insulation 
on  components  and  engine  enclosures  and  evaluation  of  insulated 
arctic  and  desert  cab  enclosures. 
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FIGURE  14 

New  cold  weather  testing  laboratory 
of  the  Perfection  Stove  Company. 


Dimensions  (lxwxh  in  ft.)  32x30x16 
(Cold  Room  #2) 

Access  Portal  (hxw  in  ft.)  _ 12x12 

Floor  and  Loading  Concrete;  15  psi 

Observation  Windows  (hxw  in 

ft.)  . . . . 3;  2x3 

Installed  Services: 

Elect  Power  _ Yes:  AC  &  DC 

Signal  Intercom  . Yes 

Dynamometer  . -No 

Compressed  Air  . . . . . 

Drains  . . Yes 

Spare  Apertures  . . ...  Yes 


Refrigeration  Cap  (tons  at 

°F.)  _ _ _ _ _ _ 13.5@— 75 

Refrigeration  System  _ Freon  22 

Min  Temp  for  Cont’d  Storage 

( °F.)  _ —85 

Heat  Extraction  at  — 65  °F. 

(btu/hr)  _ 162,000 

Wind  Capability  (mph@ 

°F.)  . . . . . 25@— 65 

Altitude  Capability  (ft.  at  °F.)  None 

Dry  Air  Supply  (lbs/min  at 

°F.)  _ _____.100@-10 

Exhaust  Cap  (cfm  at  °F.)  200@70 


Remarks:  Anteroom  (chill  chamber)  is  30x10x16.  Personnel  entry  doors  are  6x4. 
Cold  Room  No.  1  in  factory  building  is  12x6x8  with  provision  for  temperatures 
down  to  —80°  F.  for  production  testing  of  heaters,  winterization  systems,  and 
materials. 


Wolverine  Diesel  Power  Company, 
Detroit,  Mich. 

This  manufacturer  has  been  active  in  developing  heating  systems  for 
ground  power  packages  of  interest  to  the  Air  Force.  A  new  cold 
chamber  has  been  built  in  the  factory  and  is  described  here.  Photo¬ 
graphs  are  not  yet  available. 


Dimensions  (lxwxh  in  ft.)  12x9x12  Refrigeration  Cap  (tons  at 

Access  Portal  (hxw  in  ft.)  8x6  °F.)  10.5@-65 

Floor  and  Loading  Concrete;  675  psi  Refrigeration 

Observation  Windows  (hxw  in  System  Freon  F-12/F-22 

ft.)  two  2X2  Min  TemP  Cont’d  Storage 

(°F-)  . . . . —80 

Installed  Services:  Heat  Extraction  at  —  65° F. 

Elect  Power  Yes-  AC  &  DC  (btu/hr)  ...  . . 50,000 

Signal  Intercom  ° &  ye^  Wind  Capability  (mph  at 

Dynamometer  xrn  .  35(2) — 65 

Compressed  Air  n  .  e  9“Pability  <ft-  at  "F.)  None 

Drains  D?  *lr  SuPP'y  Obs/min  at 

Spare  Apertures  Ye=?  rvu  '  .  n  ,  ,  9.4(2) — 40 

Remarks:  Adjacent  antechamber  (0°  F  .  f  *  ?aP  (cfm  at  ’F.)  .  127(2)80 
door  for  equipment,  and  a  7V2x2V2  door  forpTrsonneL  12  ^  haS  30  8x6 
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Other  Establishments 

The  sui  vey  has  not  been  completed  of  such  representative  manu¬ 
facturers  with  extensive  climatic  laboratory  and  test  facilities  as  the 
General  Electric  Co.;  Westinghouse ;  Northrup  Aircraft,  Inc.;  United 
Aircraft  Corp. ;  Wright  Aeronautical  Corp.;  Stanford  Research  Insti¬ 
tute;  Ethyl  Corp.;  Ford  Motor  Co.;  Evans  Products  Co.;  etc. 


COLD  ROOMS  IN  ARMY  INSTALLATIONS 

The  aim  of  attaining  the  capability  of  conducting  military  opera¬ 
tions  in  any  area  of  the  world  continues  as  Department  of  the  Army 
policy.  The  temperature  range  for  satisfactory  performance  of  desig¬ 
nated  materiel  is  specified  as  minus  65°  F.  to  plus  125°  F.  Storage 
limits  are  minus  80°F.  to  plus  160°F.  Prominent  in  carrying  out 
functional,  engineering  and  developmental  comparative  and  pro¬ 
cedural  low-temperature  tests  on  a  laboratory  basis  have  been  and 
are  the  following  facilities  occasionally  publicized  in  recent  years: 

a.  Engineer  Corps — Climatic  Test  Laboratory,  ERDL,  Ft.  Belvoir, 
Va. ;  SIPRE  (Snow,  Ice  and  Permafrost  Research  Establish¬ 
ment),  1215  Washington  St.,  Wilmette,  Illinois. 

b.  Ordnance  Corps — The  Development  and  Proof  Services,  Aber¬ 
deen  Proving  Ground,  Maryland ;  and  Laboratories  Division,  De¬ 
troit  Arsenal,  Center  Line,  Michigan,  for  which  rather  extensive 
modifications  are  planned.  Data  have  not  yet  been  accumulated 
for  other  installations  such  as  the  Packaging  Engineering  Lab¬ 
oratory,  Small  Arms  Ammunition  Division,  Frankford  Arsenal; 
The  Packaging  Materials  Research  Laboratories,  Rock  Island 
Arsenal;  the  new  Container  Analysis  Facility,  Rossford  Ord¬ 
nance  Depot;  and  Erie  Proving  Ground. 

c.  Quartermaster  Corps — The  Food  and  Container  Laboratories, 
Chicago,  Illinois;  research  and  development  operations  now  con¬ 
ducted  at  Washington,  D.  C.,  Philadelphia,  Pennsylvania,  Jeffer¬ 
sonville,  Indiana,  and  Lawrence,  Massachusetts,  are  being  com¬ 
bined  in  the  new  QMC  Research  and  Development  Center, 
Natick,  Massachusetts,  which  is  nearing  completion. 

d.  Signal  Corps — Squier  Signal  Laboratory,  Fort  Monmouth,  New 
Jersey. 

Engineer  Research  &  Development  Laboratories, 
Fort  Belvoir,  Va. 

The  heavy  engineer  test  chamber  (Figure  15)  represents  about  the 
nearest  thing  to  an  all-purpose  climatic-test  chamber  for  ground 
(construction)  equipment.  The  entire  test  space  is  enclosed  in  an 
airtight  steel  cylinder.  Vacuum  pumps  and  automatic  controls  pro¬ 
vide  for  maintaining  low  air  pressure  to  simulate  altitude  conditions 
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„  qc  non  ft  for  tests  on  airborne  and  mountain  equipment;  ex- 
haust  and  make-up  air  capacities  are  adequate  for  testing  interna 
combustion  engines  up  to  150  HP  at  altitudes  up  «  000  ft  Con- 
trolled  temperatures  on  the  high  side  range  up  to  plus  165  F.  Other 
conditions  obtainable  include  dew,  fog,  frost,  and  wind  m  various 
amounts.  A  separate  portable  equipment  chamber  of  smaller  propor¬ 
tions  (7'x6'x6')  is  available  for  small  component  testing,  within 
temperature  range  of  minus  65°F.  to  plus  165  F.  (but  not  altitude). 


FIGURE  15 

All-purpose  chamber  for  ERDL  tests 
at  Ft.  Belvoir. 


Dimensions  (lxwxh  in  ft)  .  32x14x13 
in  cylinder  45x22  diam. 

Access  Portal  (hxw  in  ft.)  .—22  diam. 

Floor  and  Loading _ Steel  Deck;  23T 

Observation  Window  (hxw  in  ft)  1x3 
Installed  Services: 

Elect  Power  . . ..  Yes;  AC&DC 

Signal  Intercom _ Yes 

Dynamometer  _ No 

Compressed  Air . . Yes 

Drains  _ Yes 

Spare  Apertures  _ Yes 


Refrigeration  Cap  (tons  at 

°F.)  _ 40@— 65 

Refrigeration  System  .  Ammonia 
Min  Temp  for  Cont’d  Storage 

( °F.)  —85 

Heat  Extraction  at  — 65° F. 

(btu/hr)  _ 600,000 

Wind  Capability  (mpb)  _ 20 

Altitude  Capability  (ft.  at  °F.)  35,000 
Dry  Air  Supply  (cfm  at 

°F.)  _ _ __  300@-25 

Exhaust  Cap  (cfm  at  °F.)  _  3000 


Remarks:  Antechamber  is  provided  to  allow  free  entrance  and  exit  of  personnel 
without  altering  controlled  test  conditions  within  this  chamber. 


Snow,  Ice,  &  Permafrost  Research  Establishment, 
Wilmette,  III. 


This  activity  was  described  in  TIME  (16  March  1953),  and  the 
Chicago  Daily  Tribune  (26  February  1953).  There  are  6  cold  rooms 
with  a  total  of  approximately  1670  sq.  ft.  Freon  22  is  used  as  the 


FIGURE  16 

The  No.  1  room  of  a  6-room  facility  at 
the  Snow,  Ice,  and  Permafrost 
Establishment. 
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FIGURE  17 

No.  2  room  (shop)  at  SIPRE. 


FIGURE  18 

No.  3  room  (analysis)  at  SIPRE. 


refrigerant.  The  floors  consist  of  concrete  over  an  appropriate  thick¬ 
ness  of  corkboard.  The  ceilings  are  metal  over  cork  and  10  ft.  high. 
No.  1  room  (Figure  16),  22  x  22*4  ft.,  is  entered  from  the  outside 
through  an  air  lock  and  is  usually  kept  at  minus  5°C.  No.  2  room 
(Figure  17),  15  x  22(4  ft.,  is  entered  from  No.  1  and  maintained  at 
minus  10°  C.  No.  3  room  (Figure  18),  15(4  x  22(4  ft.,  may  be  entered 


FIGURE  19 


FIGURE  20 


No.  4  room  (sample  storage) 
at  SIPRE. 


No.  5  room  (sample  storage) 
at  SIPRE. 


from  either  No.  1  or  No.  2  rooms  and  is  usually  kept  at  minus  20  C. 
No.  4  room  (Figure  19) ,  9(4  x  15(4  ft.  is  entered  from  No.  1  and  main¬ 
tained  at  minus  55°  C.  No.  5  room  (Figure  20),  9(4  x  15(4  ft.,  is  also 
entered  from  No.  1  and  can  be  cooled  as  low  as  minus  55°  C.  No.  6 
(Figure  21),  8%  x  20(4,  is  entered  directly  from  the  outside  hall  and 

is  usually  maintained  at  0°C. 
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FIGURE  21 

No  6  room  (wet  snow  laboratory) 
at  SIPRE. 


Ordnance  Detroit  Arsenal, 
Centerline,  Mich. 

The  low-temperature  laboratory  test  facilities  have  been  divided 
into  2  groups.  The  larger,  known  as  the  vehicle  cold  test  group,  is  used 
for  testing  all  wheeled  and  tracked  vehicles.  The  smaller,  known  as 
the  component  cold  test  group,  is  for  related  elements  and  accessories. 
A  separate  building  (Figure  22)  houses  the  entire  laboratory. 


FIGURE  22 

Low-temperature  laboratory  building 
at  Ordnance  Detroit  Arsenal. 


FIGURE  23 

Vehicle  cold  test  room  at 
Detroit  Arsenal. 


vehicle  Cold  Test  Group. 

This  group  comprises  a  number  of  test  rooms  designated  as  the  main 

MSt  JoQm,No’  ?29  (Figure  23)  for  minus  70°  F„  the  test  service  room 
No.  228,  tor  plus  25°F. ;  the  preparation  room  (Figure  24)  No.  227 
sprocket  dynamometer  rooms  Nos.  231  and  224,  the  sprocket  dyna- 
mometer  contro1  room  (Figure  25)  No.  223,  shop  area,  and  refrigera¬ 
tion  machinery  The  mam  room  provides  approximately  3300  sq  ft 
or  space  (70,000  cu.  ft.  volume)  for  test  purposes.  The  dual  vehicle 

ft  tin  hm‘  d,°.orSJermit  passage  of  vehicles  up  to  16  ft.  in  width  and  15 
ft.  in  height.  Four  personnel  entry  and  exit  doors  (70x30  inches)  are 
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FIGURE  24 

Vehicle  and  component  preparation 
room  at  Detroit  Arsenal  (grease  pit 
in  foreground). 


FIGURE  25 

Five-hundred  h.p.  Eddy-Current  Dyna¬ 
mometer  with  scales  and  step-up 
transmission  at  Detroit  Arsenal. 


Dimensions  (lxwxh  in  ft)  ._  70x52x21 
Access  Portal  (hxw  in  ft)  15x16; 

and  7x2% 

Floor  and  Loading  Concrete;  200  T 

Observation  Windows . . Yes 

Installed  Services: 

Elect  Power . . Yes 

Signal  Intercom  Yes 

Dynamometer  (sprocket)  Yes; 

1000  HP 

Compressed  Air . .  Yes 

Drains  _ Yes 

Spare  Apertures  _ Yes 


Refrigeration  Cap  (tons  at 

°F.)  . . . . . .  91@— 65 

Refrigeration  System  Freon  F-12 
Min  Temp  for  Cont’d  Storage 

( °F.)  _ _ _ — 70 * 

Heat  Extraction  at  — 65  °F. 

(btu/hr)  . .  2,000,000 

Wind  Capability  (mph)  12 

Altitude  Capability  (ft.  at  °F.)  None 

Dry  Air  Supply  (lbs/min  at 

°F.)  . 210(5)20 

Exhaust  Cap  (cfm  at 
°F.)  .  5,000@ — 60 1 


Remarks:  Auxiliary  component  test  rooms  are  available  for  testing  vehicle  com¬ 
ponent  parts,  power-plant  and  personnel  heaters,  batteries,  auxiliary  generators, 
antifreezes,  fuels  and  lubricants,  etc.,  at  temperatures  ranging  to  minus  100°F. 
Peak  heat  extraction  capacity  is  100,000  btu/hr. 


strategically  located  in  the  north,  south,  and  west  walls.  Four  obser¬ 
vation  windows  (20x24  inches)  are  located  in  the  south  and  east 
walls.  “Foamglas”  is  sandwiched  between  the  concrete  sub-floor  and 
room  floor.  Wall  and  ceiling  insulation  consists  of  multiple  layers  of 
the  “Ferro-Therm”  metallic  reflective  type  with  one-half  inch  air 
space  between  layers.  Vehicles  and  equipment  under  test  are  anchored 
to  the  floor,  as  required,  by  means  of  T-slots  imbedded  in  the  concrete. 
The  output  shafts  of  the  two  500  HP  sprocket  dynamometers  pass 
through  the  walls  of  the  dynamometer  rooms.  An  insulated,  heated 
portable  cell  for  the  protection  of  personnel  and  instruments  during 
observation  of  low-temperature  tests  can  be  shifted  about  the  floor 
as  needed.  A  mass  of  100  tons  can  be  reduced  in  temperature  from 
plus  25°F.  to  minus  70°F.  in  72  hours.  Occupancy  load  is  10  persons 
maximum.  The  vehicle  service  room  (52'x52'x21')  provides  vesti- 
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bule”  space  of  approximately  2700  sq.  ft.  where  test  vehicles  and 
equipment  may  be  precooled  before  insertion  in  the  mam  room,  and 
where  minor  repairs,  etc.,  can  be  made  without  frosting.  Construction 
is  similar  to  main  chamber.  A  mass  of  100  tons  can  be  reduced  in 
temperature  from  plus  115°F.  to  plus  25°F.  in  72  hours.  Dehydrated 
air  having  a  moisture  content  corresponding  to  a  dew  point  of  minus 
75°F.  can  be  supplied  to  either  room.  System  utilizes  Lectrodiyer 
tanks  with  activated  alumina. 


Component  Cold  Test  Group. 


This  group  comprises  5  rooms  (13x10x12)  and  a  refrigerated 
“vestibule”  (32x14x12).  Access  doors  (7x4),  personnel  entry  doors 
(6x6 Vi) >  and  observation  windows  (2 Vfcx2V£)  are  furnished.  Insula¬ 
tion  is  similar  to  rooms  described  above.  Rooms  3  and  4  are  assigned 
to  starting  and  operating  tests  of  engine-generator  sets  (Figure  26) 
up  to  25  bhp,  and  heaters  up  to  100,000  btu  peaks.  Dehydrated  air 
can  be  supplied  and  products  of  combustion  ejected  in  accordance 
with  the  requirements.  There  is  a  clearance  of  8  feet  between  floors 
and  the  underside  of  all  cooling  equipment  supports  to  allow  for  the 
use  of  a  shop  truck.  Room  5  is  assigned  to  fuels  and  lubrication  tests 
and  is  the  source  of  temperature-controlled  fuel  supply  to  vehicle  test 
rooms.  Rooms  1  and  2  are  utility  cells  for  small  parts.  The  vestibule 
is  intended  to  trap  ambient  moisture  introduced  by  the  normal  ingress 
and  egress  required  by  the  other  rooms.  Its  temperature  is  usually 
maintained  at  about  plus  20° F.  All  temperature  controls  are  adjust¬ 
able  for  controlling  temperatures  between  minus  100°F.  and  0°F. 
within  plus  or  minus  limits  of  1.5°F.  Limitations  include  provisions 
against  (a)  objects  longer  than  10  ft.,  wider  than  4  ft.,  and  higher 
than  7  ft.;  (b)  combined  heat  load  exceeding  204,000  btu/hr  for  fuel 
consuming  items  in  rooms  3  and  4 ;  (c)  exceeding  heat  load  of  25,000 
btu/hr  in  static  test  rooms;  (d)  exceeding  heat  load  of  12,000  btu/hr 
in  vestibule;  (e)  securing  maximum  temperature  range  in  less  than 
24  hours.  (Figure  26). 


FIGURE  26 

Engine  preparation  room,  Low-Tem¬ 
perature  Laboratory,  Detroit  Arsenal. 
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.  J  U1  Ordnance  Aberdeen  Proving  Ground 

I  he  mam  or  double-room  cold  chamber  (Figure  27)  is  large  enough 
to  accommodate  combat  vehicles  and  heavy  artillery.  The  strato- 
sphenc  facility  (Figure  28)  is  used  primarily  as  a  firing  chamber. 


FIGURE  27 


FIGURE  28 


The  main  or  double-room  cold  cham¬ 
ber  at  Ordnance  Aberdeen  Proving 
Ground. 


The  stratospheric  facility  at  Aberdeen 
used  as  a  firing  chamber. 


MAIN  CHAMBER 


Dimensions  (lxwxh  in 

ft)  . #3-28x18x13 

#2-19x10x10 

Access  Portal  (hxw  in  ft)  #3-11x11 

#2-7x9 

Floor  and  loading  Concrete 

Observation  Windows  (hxw  in  ft.)  .... 

Installed  Services: 

Elect  Power  . Yes 

Signal  Intercom  . .  Yes 

Dynamometer  . No 

Compressed  Air  . No 

Drains  . . . 

Spare  Apertures  _ _ 


Refrigeration  Cap  (tons  at  °F.) 
Refrigeration  System  Ammonia 

Min  Temp  for  Cont’d  Storage 

( °F.)  . .  .  —70  to  165 

Heat  Extraction  at  — 65°F. 

(btu/hr)  . 150,000 

Wind  Capability  (mph  at  °F.)  None 

Altitude  Capability  (ft.  at  °F.)  None 

(#3) 

Fresh  Air  Supply  (cfm/min  at 
°F.)  400@— 70 

Exhaust  Cap  (cfm  at  °F.)  . . . 


Remarks:  This  is  a  double  cold  room  with  a  conditioning  room  (43x20x14)  ad¬ 
jacent  to  No.  3  chamber.  It  can  be  maintained  at  35°  F.  with  sufficiently  low 
humidity  that  no  appreciable  frost  will  form  when  No.  3  chamber  is  opened  to 
it  at  —70°  F. 


FIRING  CHAMBER 


Dimensions  (lxwxh  in  ft.)  11x9x6% 
(“Firing”-  chamber) 

Access  Portal  (hxw  in  ft.)  5%x5% 
Floor  and  Loading 
Observation  Windows  (hxw  in 


Refrigeration  Cap  (tons  at  °F.) 
Refrigeration  System  - 

Min  Temp  for  Cont’d  Storage 

( °F.)  —70  to  160 

Heat  Extraction  at  — 65° F. 

(btu/hr)  . . .  100,000 

Wind  Capability  (mph  at  °F.)  None 

Altitude  Capability  (ft.  at 

°F.)  . - . 50,000(2) — 70 

Dry  Air  Supply  (cfm/min  at 

°F.)  225(2)90 

Exhaust  Cap  (cfm  at  °F.)  . . . 

KtMAKKs;  iriis  lb  uie  ity,  comprising  an  entrance  lock  (llx9x 

7%  ),  “firing”  chamber,  and  concussion  chamber  with  sand  butt  to  stop  projectiles. 
Electric  heating  available.  Entrance  lock  can  be  cooled  between  0°F.  and  —30  F. 
depending  on  temperature  in  “firing”  chamber. 


ft.) 

Installed  Services: 

Yes 

Elect  Power 

Yes 

Signal  Intercom 

Yes 

Dynamometer 

No 

Compressed  Air  . 

No 

Drains  . . . . 

No 

Spare  Apertures 

Yes 
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Quartermaster  Food  and  Container  Institute, 
Chicago,  III. 

Several  rooms  make  up  the  complete  climatic  test  facilities  (Figure 
29).  The  lowest  temperature  room  is  described  here. 


FIGURE  29 

QM  Food  and  Container  Institute  cli¬ 
matic  test  facilities — the  lowest 
temperature  room. 


Dimensions  (lxwxh  in  ft.)  15x13x12 

Access  Portal  (hxw  in  ft.)  _ 6x4 

Floor  and  Loading  ..  Plywood;  150  psf 
Observation  Windows  (hxw  in 

ins)  _ 22x22 

Installed  Services: 

Elect  Power  . Yes 

Signal  Intercom  _ No 

Dynamometer  _ No 

Drains  _ No 

Spare  Apertures  _ No 


Refrigeration  Cap  (tons  at 

°F.)  . - _ 4.63@— 90 

Refrigeration  System  - - — 

Min  Temp  for  Cont’d  Storage 

( °F.)  _ _ _ _  —90 

Heat  Extraction  at — 65°F.  (btu/hr) 
Wind  Capability  (mph  at  °F.)  None 
Altitude  Capability  (ft.  at  °F.)  None 
Dry  Air  Supply  (lbs/min  at 


°F.)  _ _ _ _  None 

Exhaust  Cap  (cfm  at  °F.)  None 


Remarks:  Usable  floor  area  is  about  175  sq.  ft.  Three  doors  open  into  this  room. 


Quartermaster  Research  and  Development  Center, 
Natick,  Mass. 


This  new  installation  will  provide  complete  and  modern  facilities  to 
puisue  and  extend  studies  related  to  the  soldier’s  requirements  to  de¬ 
velop  and  evaluate  clothing  and  equipment  under  simulated  environ¬ 
ments.  The  2  climatic  chambers,  which  are  to  be  used  Tor  studying 
the  relationship  of  the  soldier  to  his  environment,  are  a  very  important 
feature.  In  these  chambers  it  will  be  possible  to  produce  wide  ranges 

7AoCTiimatlC  condltlons  with  temperatures  from  minus  70°F.  to  plus 
70  F.  in  one,  and  plus  32°F.  to  165°F.  in  the  other;  also,  controlled 
solar  radiati°n,  controlled  humidity  and  wind,  and  rain.  Space  and 

Tone  ti°mea  Th,.tCi:nt  *°  f°r  P-tieipation  of  up  to  25  men 

ne  time.  The  high  wind  provisions  are  in  recognition  of  a  vital 

a  uLtod  :trarChtand  tef nK  Since  e'othin/insulatton  values 
calculated  from  static  air  temperatures  are  invalidated  by  wind  move 

ments.  Partial  description  of  the  arctic  chamber  is  provided  here. 
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Dimensions  (lxwxh  in  ft.)  60x11x15 

Access  Portal  (hxw  in  ft.)  _ _ 

Floor  and  Loading . 

Observation  Windows  (hxw  in  ft.) 

Installed  services: 

Elect  Power _ _ 

Signal  Intercom  _ 

Dynamometer _ _ 

Compressed  Air  . . . . . 

Drains  _ 

Spare  Apertures  _ 


Refrigeration  Cap  (tons  at 

°F.)  . 136@— 68 

Refrigeration  System  . Freon  12 

Min  Temp  for  Cont’d  Storage 

( °F.)  . . . — 70 

Heat  Extraction  at  — 65° F. 

(btu/hr)  _ _ _ _ _ 

Wind  Capability  (mph  at 

°F.)  -  5@— 70  to  40@— 40 

Altitude  Capability  (ft.  at  °F.)  ..None 

Fresh  Air  Supply  (cfm)  .  450(2)0 

Exhaust  Cap  (cfm  at  °F.)  _ 


Squier  Signal  Laboratory, 
Ft.  Monmouth,  N.  J. 


A  series  of  low-temperature,  heat  and  humidity  test  rooms  have 
been  in  almost  continuous  operation  for  about  10  years  at  Fort  Mon¬ 
mouth.  Each  room  has  one  or  more  observation  windows  and  various 
door  arrangements  for  interconnection.  Heavy  equipment  can  be 
delivered  by  truck  into  the  larger  chambers  (Figure  30).  Special 
effort  is  made  to  reduce  the  frequency  of  defrosting.  For  this  purpose 
all  the  moisture  above  0°  F.  dew  point  is  removed  from  air  entering 
the  test  rooms.  This  is  done  in  the  anteroom  (Room  A)  which  is  sur¬ 
rounded  by  the  test  rooms  and  the  only  room  that  pulls  in  air  from 
outdoors.  Each  room  has  2  or  more  exhaust  standpipes  in  the  floor, 
connected  to  a  duct  which  is  maintained  at  partial  vacuum  to  provide 
for  ventilation  and  exhaust  of  products  of  combustion.  All  electrical 
work  inside  the  rooms  is  explosion-proof.  (Figure  31).  The  tropical 
test  rooms  are  identical  in  arrangement  and  size  with  the  arctic  test 
rooms.  They  are  designed  to  operate  from  a  minimum  dew  point  of 
37°F.  or  from  a  minimum  relative  humidity  of  10%  for  dew  points 
above  37°  F.,  to  approximately  saturation  at  dry-bulb  temperatures  of 


FIGURE  30 

Interior  view  of  Arctic  test  chamber, 
Squier  Signal  Laboratory. 


FIGURE  31 

Stratosphere  test  chamber  at  Squier 
Signal  Laboratory. 
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ARCTIC  TEST  CHAMBER 


Dimensions1  (lxwxh  in  ft.)  33x18x14 
Access  Portal  (hxw  in  ft.)  12x14 

jrioor _ Concrete 

Observation  Windows - Yes 

Installed  Services: 


Elect  Power 

Yes;  AC  &  DC 

Signal  Intercom 

Yes 

Dynamometer 

.  ...  No 

Compressed  Air 

_  Yes 

Drains  _ 

..  ......No 

Spare  Apertures 

Yes 

Refrigeration  Cap  525  HP 

Refrigeration  System  Ammonia 

Min  Temp  for  Cont’d  Storage 

(°F.)  . . . . . — 70 

Heat  Extraction  at  — 40  °F. 

(btu/hr)  — - . - . . . 341,300 

Wind  Capability  (mph  at  °F.)  None 
Altitude  Capability  (ft.  at  °F.)  None 
Dry  Air  Supply  (lbs/min.  at 

°F.)  _ None 

Exhaust  Cap  (cfm)  . . — . 300 


•Remarks:  Represents  combination  of  2  rooms;  each  may  be  used  separately. 
There  are  3  similar  smaller  component  rooms  (10x10x8)  for  minus  50 °F.  to  plus 
70°  F.,  and  2  similar  component  rooms  (10x5x8)  for  minus  90°  F.  All  are  refrig¬ 
erated  from  common  plant  and  built  around  an  anteroom  (21x12x8)  which  can  be 
provided  with  minimum  temperature  of  0°F. 


STRATO-CHAMBER 


Dimensions  (lxwxh  in  ft.)  10x8x7% 
Access  Portal  (hxw  in 


ft.)  . . Approx.  7%  diam. 

Floor  _ _ _ Aluminum 


Observation  Windows  __ _ _ Yes 


Installed  Services: 
Elect  Power 
Signal  Intercom 
Dynamometer 
Compressed  Air  ..... 

Drains  _ _ _ 

Spare  Apertures _ 


Yes;  AC  &  DC 

_ No 

_ No 

_ No 

_ No 

. . No 


Refrigeration  Cap  (tons  at 

°F.)  _ _ _ 3@— 150 

Refrigeration  System  _ Freon  22 

Min  Temp  for  Cont’d  Storage 

( °F.)  _ _ —150 

Heat  Extraction  at  —65  F. 

(btu/hr)  _ 35,000 

Wind  Capability  (mph  at  °F.)  None 
Altitude  Capability  (ft.  at 

°F.)  _ 150,000@— 150 

Dry  Air  Supply  (lbs/min  at 

°F.)  - None 

Exhaust  Cap  (cfm  at  °F.)  _ None 


Remarks:  Time  required  to  reach  maximum  temperature:  5  hrs  from  minus 
150  F.  to  plus  100°F. 


AIR  FORCE  CLIMATIC  TEST  FACILITIES 

The  U.  S.  Air  Force  requires  that  all  aircraft,  ground  equipment, 
and  personnel  equipment  operate  satisfactorily  under  all  climatic 
conditmns  or  be  capable  of  such  operation  after  undergoing  minor 

atnr‘efiCatl0nf'  Th®  operatmg  criteri°n  sets  forth  an  arbitrary  temper- 

must  b^dfrected  r?lnus  «!  F  /«  Plus  160“  F.  Design  and  manufacture 

conditions  Climat^T1*-  haVmg  u  e<luiPment  operate  under  these 
conditions  Climatic  testing  on  a  broad  scale  is  therefore  mandatorv 

before  final  issue  for  all  theaters  of  operation  mandatory 

indicated.  To  .uppl^lt? 


35 


Wright-Patterson  Air  Force  Base,  reduce  the  required  field  testing 
progiam,  and  still  make  possible  year-round  testing  under  controlled 
temperatures  and  other  climatic  conditions,  the  Climatic  Hangar  was 
consti  ucted  at  the  Air  Proving  Ground  Command,  Eglin  Air  Force 
Base,  Florida. 


The  Eglin  Climatic  Hangar, 
Eglin  Air  Force  Base,  Fla. 

This  discussion  (4)  outlines  the  general  capabilities  of  the  complete 
facility  and  provides  a  guide  to  selected  secondary  low-temperature 
test  facilities  for  ground  equipment  and  items  of  more  mutual  interest 
in  non-aeronautical  areas.  Because  of  the  smaller  size  of  these  test 
rooms  and  provision  for  individual  air  conditioning  systems,  with  one 
exception,  all  kinds  of  components  can  be  tested 'at  much  lower  oper¬ 
ating  cost  and  on  an  independent  schedule  as  compared  with  the  more 
publicized  big  hangar.  The  latter  is  the  insulated  main  chamber  for 
planes,  enclosing  approximately  2,900,000  cu.  ft. 

Other  facilities  include  an  engine  and  equipment  test  room;  cold 
test  room;  hot  test  room;  desert  test  room;  jungle  test  room;  tropic- 
marine  test  room;  all-weather  room  for  physiological  testing;  and  a 
refrigerated  strato-chamber.  An  armament  strato-chamber,  with 
facilities  for  absorbing  concussion  of  small  arms,  is  installed  in  an 
adjacent  building. 

Temperatures  within  some  of  the  facilities  may  be  controlled  from 
minus  100°F.  to  plus  165°F.  with  corresponding  control  of  humidities 
above  32 °F.  Provisions  have  been  made  for  localized  wind  storms  up 
to  100  mph  in  combination  with  sleet,  snow,  rain,  dust,  and  sand. 
Artificial  sunlight  equivalent  to  noonday  desert  sun  is  provided.  There 
are  no  provisions  for  operating  the  main  chamber  under  reduced  pres¬ 
sures,  but  a  refrigerated  variable  pressure  chamber  (strato-chamber) 
is  provided  for  high  altitude  and  climb  testing  of  personnel  and  per¬ 
sonal  equipment.  Climatic  tests  of  long  duration  can  be  made  to  de¬ 
termine  weathering  effects  of  both  stored  materiel  and  operating 
equipment.  All  types  of  aircraft,  including  jet-engined  and  prop-jet 
aircraft,  and  their  parts  cdn  be  tested.  Engines  can  be  run  up  and 
ground  tested,  weapons  fired,  bombs  dropped,  simulated  landings  and 
take  offs  made  to  test  landing  gear  struts,  brake  action  checked,  and 
functioning  of  electrical,  hydraulic,  and  heating  systems  tested.  Motoi- 
ized  ground  vehicles  can  be  driven  within  the  hangar  and  subjected  to 
simulated  road  tests.  Personnel  and  their  equipment  can  be  tested  in 
all  climatic  conditions,  at  all  operating  altitudes,  and  under  flight- 
climb  conditions.  Salt  spray  and  fungus  tests  at  high  temperature 
and  humidity  can  be  accomplished.  Thus,  operations  can  be  closely 
coordinated  with  service  testing  under  natural  conditions  in  the  field. 

The  Engine  and  Equipment  Test  Facility.  This  installation  consists 
of  the  engine  test  room,  east  and  west  observation  rooms,  control  room, 
and  engine  test  service  room  (Figure  32).  The  test  stand  is  designed 
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FIGURE  32 

Engine  and  equipment  test  room  at 
Eglin  Climatic  Hangar. 


so  that  either  jet  or  large  reciprocating  engines  may  be  mounted  on  the 
cork-insulated  inertia  block.  Testing  of  large  reciprocating  engines  is 
limited  to  starts  and  low  power  settings  due  to  damage  to  the  insula¬ 
tion  and  installed  equipment  from  propeller  air  turbulence  and  vibra¬ 
tion.  Jet  engines  may  be  tested  at  all  power  settings.  Thrust  is  meas¬ 
ured  through  a  load  sensing  element  reacting  in  the  rigid  support 
platform.  A  5-ton  underslung  crane  is  installed  in  the  ceiling  of  the 
test  room  to  provide  a  total  lift  of  21  ft.  from  the  floor.  Means  are 
provided  to  supply  cool  air  for  the  mechanics’  suits  worn  by  personnel 
working  in  the  test  room  during  hot  tests.  Engine  testing  below  minus 
65°F.  is  limited  to  starting  and  low  power  operation  of  short  duration 
only.  When  the  maximum  amount  of  make-up  air  is  being  supplied 
at  minus  65°F.,  4  or  5  test  runs  of  20-minute  duration  may  be  made 
before  the  main  refrigeration  system  requires  defrosting.  Elaborate 
instrumentation  is  installed  in  the  control  room,  and  there  are  pro¬ 
visions  for  camera  recording  from  the  photo  panel. 


Dimensions  (lxwxh  in  ft.)  130x30x25 

Access  Portal  (hxw  in  ft.)  . 25x30 

Floor  and  Loading  Concrete;  1000  psf 
Observation  Windows  _  Yes 

Installed  Services: 

Elect  Power  .  ...  Yes;  AC  &  DC 

Signal  Intercom  _  Yes 

Dynamometer  Yes  (Equivalent) 

Compressed  Air _ _  Yes 

Drains  Yes 

Spare  Apertures  _ Yes 


Refrigeration  Cap  (tons  at 

°F.)  - 780(a)— 70 

Refrigeration  System  .  _  Freon  12 

Min  Temp  for  Cont’d  Storage 

<°F-)  - - - —100 

Heat  Extraction  at  — 65°F. 

(btu/min)  160,000 

Wind  Capability  (mph  at  °F.)  None 
Altitude  Capability  (ft.  at  °F.)  None 
Air  Supply  (lbs/sec  at 

°F*)  . . . . 215@— 65 

(outside  wet  bulb  40°F.) 

Exhaust  Cap  (cfm  at  °F.) 


22x20^Kwitlf  i ft!! t0  tGSt  J°°m  is  an  insulated  lock  or  tempering  room  ( 
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FIGURE  33 

All-weather  room  at  Eglin 
Climatic  Hangar. 


The  All-Weather  Room.  This  chamber  (Figure  33)  is  a  cork-insul¬ 
ated,  stainless-steel-lined  room  in  which  nearly  all  kinds  of  weather 
may  be  simulated.  The  wind  tunnel  is  normally  not  installed.  No  carbon 
monoxide  nor  combustible  vapor  indicating  or  recording  instrumenta¬ 
tion  is  employed  here.  Air  make-up  at  minus  65°F.  can  be  maintained 
for  approximately  2  hours  before  frost  deposits  on  the  coils  become 
excessive.  800  cfm  is  maximum  volume  at  uncontrolled  temperature. 
Even  salt  spray,  in  accordance  with  specification  MIL-E-5272  (8) 
can  be  provided  but  this  type  of  test  is  highly  undesirable  by  reason 
of  the  corrosive  effects  and  excessive  maintenance  costs.  The  tropical 
marine  test  room  is  usually  employed  for  such  tests. 


Refrigeration  Cap  (tons  at  °F.) 
Refrigeration  System 
Min  Temp  for  Cont’d  Storage 

( °F.)  —80  to  170 

Heat  Extraction  at  — 65°F.  (btu/hr) 
Wind  Capability  (mph  at  °F.)  5  to  35 
Altitude  Capability  (ft.  at  °F.)  None 

Air  Supply  (cfm/min  at 

°F.)  .  200(g)— 65 

Exhaust  Cap  (cfm  at  °F.) 

Remarks:  Adjacent  to  test  room  is  an  anteroom  (15x9x10)  with  6^x3%  doors. 
Sand  and  dust  tests  can  be  conducted  in  accordance  with  specification  MIL-E-5^2. 
Amount  of  rainfall  may  be  varied  between  one-half  inch  and  15  inches  per  hour. 
Snow  may  be  manufactured  in  various  amounts. 

The  Physiological  Strato-Chamber.  This  chamber  (Figure  34)  is 
provided  for  the  proof  testing  of  personnel  and  personal  equipment 
at  conditions  simulating  various  altitudes  and  corresponding  tem¬ 
peratures,  and  under  flight-climb  conditions.  It  is  also  used  for  the 
testing  of  items  of  electronics  and  photographic  equipment,  utilizing 
the  altitude  and  temperature  facilities  separately  or  a  combination  ot 
both  The  chamber  is  constructed  of  welded  steel,  insulated  with  L 
sheets  of  reflective  metal  insulation  in  the  main  section  and  7  sheets 
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Dimensions  (lxwxh  in  ft.)  34x19x10 
Access  Portal  (hxw  in  ft.)  6%x7 

Floor  and  Loading - - - 

Observation  Windows  . -  5 

Installed  Services: 

Elect  Power  Yes;  AC  &  DC 

Signal  Intercom  in  24C  only 

Dynamometer  No 

Compressed  Air  Yes 

Drains  Yes 

Spare  Apertures  Yes 


FIGURE  34 

The  Physiological  Strato-Chamber  at  Eglin  Climatic  Hangar. 

in  the  lock.  Construction  is  sufficient  to  withstand  pressures  from 
zero  absolute  to  one  atmosphere.  Each  observation  port  is  equipped 
with  a  folding  writing  platform  and  swinging  stool  for  the  use  of 
observers  or  data  recorders.  Thimble  for  routing  control  cables 
through  the  walls  are  approximately  2"  in  diameter  and  pressure 
sealed  by  the  use  of  plastic  sealants.  Electrically  heated  suits  are  pro¬ 
vided  for  test  personnel.  The  chamber  accommodates  between  6  and  8 
at  one  time.  Minimum  temperature  of  approximately  minus  94°  F. 
can  be  obtained  with  2  men  in  heated  suits  in  the  chamber. 


Dimensions  (lxwxh  in 

ft.)  . . . 131/2x91/2x12 

Access  Portal  (hxw  in  ins.)  _ 68x26 

Floor  and  Loading _ 

Observation  Windows _ 6 

Installed  Services: 

Elect  Power . . Yes;  AC  &  DC 

Signal  Intercom _ Yes 

Dynamometer  _ No 

Compressed  Air  _ Oxygen 

Drains _ _ _ _ No 

Spare  Apertures _ Yes 


Refrigeration  Cap  (tons  at  °F.) 

Refrigeration  System  _ _ _ 

Min.  Temp  for  Cont’d 

Storage  (°F.)  _ _ — 94  to  70 

Heat  Extraction  at  — 65°F. 

(btu/hr)  _ _ _ _ 

Wind  Capability  (mph  at  °F.)  None 
Altitude  Capability  (ft.)  80,000 

Dry  Air  Supply  (lbs/min  at  °F.) 
Exhaust  Cap  (cfm  at  °F.) 


Remarks:  Adjacent  to  chamber  is  a  lock  (9x4V2xl2)  with  doors  VR"  hv  9'9" 

nr„a,ti„°ansst,ed0WS  „Ar,a"  l0Ck  h  Pr0VidJ  *e  ^„dXmber  to  plide  a 

temperature  ”S  ’n  a”d  °Ut  without  ™ib>y  Acting  Pressure  or 
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Vie  Armament  Strato-Chamber.  This  installation  (Figure  35)  is 
lpcated  in  a  separate  building,  and  consists  of  the  strato-chamber  a 
concussion  chamber,  and  its  own  air  conditioning  machinery.  The 
access  door,  hinged  at  top  and  equipped  with  chain  hoists,  allows 
maximum  accessibility.  A  personnel  exit  5'10 1/2"  high  by  21"  wide  is 
located  in  the  center  of  this  door.  Dump  valves  are  fabricated  into 
the  walls  to  relieve  the  pressure  and  allow  personnel  to  enter  the 
chamber  quickly  in  case  of  an  emergency.  When  the  chambers  and 
refrigerating  machinery  have  been  precooled  to  minus  70°F.,  it  is 
possible  to  change  the  test  conditions  in  both  chambers  from  plus 
70°F.  at  sea  level  to  minus  70°F.  and  80  mm  Hg.  Abs.  (500,000  ft.) 
in  12  minutes.  Electrically  heated  flying  suits  are  available  for  work- 


FIGURE  35 

The  Armament  Strato-Chamber  at 
Eglin  Climatic  Hangar. 


Refrigeration  Cap  (tons  at 

°F.)  . . . 24@— 70 

Refrigeration  System  Freon  12 

Min  Temp  (°F.)  —98 

Heat  Extraction  at  — 65°F.  (btu/hr) 

Wind  Capability  (mph  at  °F.)  None 

Altitude  Capability  (ft.)  50,000 

Dry  Air  Supply  (lbs/min  at  °F.) 

Exhaust  Cap  (cfm  at  °F.)  . . 

Remarks:  Adjacent  to  chamber  is  concussion  chamber  (21%  x  9  diam.)  utilized 
to  absorb  the  shock  waves  created  when  guns  are  fired.  Stratified  air  is  produced 
by  water-type  vacuum  pumps,  and  dehumidification  by  a  continuous  flow  chemical 
dehydrator. 

Wright-Patterson  Air  Force  Base, 
Dayton,  Ohio 

Compilation  of  data  was  not  completed  before  the  deadlines  foi 
inclusion.  However,  photos  of  a  few  of  the  more  interesting  test 
rooms  (Figures  36  to  44)  are  included  below.  Explanatory  data  ac¬ 
companying  the  pictures  have  been  extracted  from  the  unclassified 
Air  Force  booklet  (2)  covering  activities  at  Wright-Patterson  Air 
Force  Base. 


ing  personnel  in  the  chamber. 


Dimensions  (lxwxh  in  ft.)  17x9%x6% 
Access  Portal  (hxw  in  ft.)  6M*x9% 
Sub  Floor  Masonite  on  plywood  on 
wooden  sills  for  lag  screws 


Observation  Windows  _ 5 

Installed  Services: 

Elect  Power  . .  Yes 

Signal  Intercom  Yes 

Dynamometer  . No 

Compressed  Air  Oxygen 

Drains  . No 

Spare  Apertures  Yes 
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FIGURE  36 

Altitude  Chamber  (Guardite  Stratosphere),  Aero  Medical  Laboratory,  Wright  Air 
Development  Center.  Interior:  10'  x  6'  x  8'  high  w/78"  x  29"  door.  Temp,  range: 
— 80°  to  180°  F.  Provisions  for  10-38  mph  winds,  and  100,000'  altitude. 


“r.  isasr,  fifzxr. 

for  12  Kw  heat  dissipation  at  -85°  F.,  and  60,000'  altftudf.’  Pr°V1S10ns 
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FIGURE  38 

Low-High  Temperature  Altitude  Cabinet  for  Packaging  Branch,  Materials  Labor¬ 
atory,  Wright  Air  Development  Center.  Interior:  3'  x  SV2'  x  4  high  w/4  x  3!£ 
door.  Temp,  range:  — 112°  to  250°  F.  Provisions  for  50,000'  altitude. 


FIGURE  39 

Low  Temperature  Test  Chamber  for  Hydraulic  and  Pneumatic  Components,  Equ.p- 
Low  Temperatu  Laboratoryi  Wri(tht  Air  Development  Center. 
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FIGURE  40 

Cold  Chamber,  Materials  Laboratory,  Wright  Air  Development  Center.  Interior: 
9'  x  18'  x  7'  high  w/6'  x  3'  door.  Temp,  range:  — 100°  to  32°  F.  Equipment 
includes  Beam  Fatigue  Tester  and  Izod  Charpy  Tension  Tester.  Also  included 
are  X-ray  defractometer  and  grease  viscosity  tester. 


riuuitti  41 

Stratosphere  Chamber,  Armament  Laboratorv  Wrie-ht  Air  „ 

Interior:  9y2'  x  lOV  x  6Vq'  hijrVi  xu/r  a>  a  y ’  ™lght  Air  development  Center. 

4  X  b/"  hl?h  w/®  x  4  door-  Temp,  range:  —130°  to  175°  F 

Provision  for  60,000'  altitude. 
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FIGURE  42 


Turret  Altitude  Chamber,  Armament  Laboratory,  Wright  Air  Development  Center. 
Interior:  18'  diam.  x  9'  high  w/6'  x  6V2'  door.  Temp,  range:  — 100°  to  120°  F. 
Provisions  for  60,000'  altitude  and  removal  of  entire  chamber  top. 


FIGURE  43 

d  Room  for  Engine  Tests,  Power  Plant  Laboratory,  Wright  Air  De^lopment 
®  T  JL.  Qfi'  v  ifi'  V  12'  hieh  w/12'  x  10'  door.  Temp,  range:  —110  to  0  t. 
Provisions  for  monorail  hoist,  dynamometer,  air  flow,  and  exhaust  facilities. 
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FIGURE  44 

Low-High  Temperature  Altitude  Chamber  for  Engine  Accessories,  Power  Plant 
Laboratory,  Wright  Air  Development  Center.  Interior:  21'  x  9'  diam.  w/6%'  x  3' 
door.  Temp,  range:  —100°  to  167°  F.  Provisions  for  70,000'  altitude  and  variable 

speed  power  drive. 


NAVY  CLIMATIC  TEST  FACILITIES 


Naval  Air  Materiel  Center, 
Philadelphia,  Pa. 


This  report  covers  only  selected  facilities  in  Building  600  of  the 
Naval  Air  Experimental  Station.  Numerous  test  chambers  of  various 
sizes  are  available  for  jet  and  piston  engines,  and  their  accessories. 
The  central  power  plant  has  large  capacity  for  cooling  make-up  air 
and  imposmg  vacuum  on  the  cells  in  many  combinations  for  altitude 
con  litions.  The  jet  engine  test  cells  are  essentially  small  wind  tunnels 
of  circular  cross-section.  The  other  rooms  are  of  conventional  ar- 
rangement  for  general  purpose  use.  There  are  no  provisions  for  ex 
tended  low-temperature  tests  of  a  static  nature  under  sea  level 

Of  are  n0t  published  by  order 


Size 

Test  Room  (ft.) 

(a)  599-3A  5x5  diam. 

599-7C  18x12x15 

599-7W  20x7x7 
599-8W  16x4%  diam. 
599-11W  21x7  diam. 

(b)  599-24C  17%xl2%xl2% 


Portal 

(ft.) 

4x2 

7x5% 

6*4x3 

10x4 

ll%x6 

12*4x12% 


Windows 

Yes 

Yes 

Yes 

Yes 

No 

Yes 


Hoists 

Make-up 

Air 

(lbs.) 

(Ibs/min.) 

No 

100 

3,000 

200 

500 

400 

2,000 

400 

10,000 

1,400 

4,000 

100 
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Refrigeration  Cap  (tons  at  °F.)  _ 

Refrigeration  System  _ _ 

Min  Temp  for  Cont’d  Storage  (°F.)- 
Heat  Extraction  at — 65°F.  (btu/hr).. 

Wind  Capability  (mph  at  °F.)  . . 

Altitude  Capability  (ft.  at 

°F.)  . .  50,000@140  to  —67 

Dry  Air  Supply  (lbs/min  at 

°F.)  . . .  100  to  1400(a)— 67 

Exhaust  Cap  (cfm  at  °F.)  _ 


Dimensions  (Ixwxh  in  ft.)  . . . 

Access  Portal  (hxw  in  ft.)  . . . 

Floor  and  Wall  Steel,  Cork  or  Wood 
Observation  Windows  (hxw  in  ft.)  .... 

Installed  Services: 

Elect  Power .  Yes  (except  8W) 

Signal  Intercom  . .  in  24C  only 

Dynamometer  . ..  in  3A  only 

Compressed  Air  ..  Yes  (except  3A) 

Drains  . . . . Yes  (except  3A) 

Spare  Apertures  . . . 

Remarks:  (a)  Altitude  capability  to  temperature  of  — 85°F. 

(b)  Has  antechamber;  accessible  to  vehicles. 

Other  Navy  Establishments 
Survey  has  not  been  completed  of  such  agencies  with  extensive 
laboratory  and  test  facilities  as  the  Naval  Ordnance  Laboratory,  White 
Oak,  Silver  Spring,  Md. ;  Naval  Civil  Engineering  Research  and  Evalu¬ 
ation  Laboratory,  Port  Hueneme,  Calif. ;  Naval  Ordnance  Test  Station, 
Inyokern,  Calif.;  new  Naval  Aeronautical  Turbine  Laboratory,  West 
Trenton,  N.  J.;  Naval  Research  Laboratory,  Washington,  D.  C.;  Naval 
Proving  Ground,  Dahlgren,  Va. ;  and  Naval  Engineering  Station, 
Annapolis,  Md. 
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Discussion 


CHAIRMAN  MYERS: 

As  discussion  leader  for  Mr.  Espenschade’s  paper,  we  are  very 
fortunate  in  having  Mr.  J.  A.  Miller  of  the  California  Research  Cor¬ 
poration,  Richmond,  California. 


J.  A.  MILLER: 


As  Col.  Jackson  said  this  morning,  when  the  Army  first  went  into 
Alaska  with  large-scale  operations  in  World  War  II,  they  had  to  start 
from  scratch.  They  worried  throughout  the  war  with  makeshift' 
measures,  not  having  the  opportunity  to  study  the  problems  in  any 
detail.  However,  in  1946,  after  the  cessation  of  hostilities,  a  large' 
coordinated  program  was  undertaken.  One  phase  in  which  I  hap¬ 
pened  to  participate  concerned  petroleum  products,  and  I  think  that: 
will  serve  as  an  example  of  what  can  be  done  through  the  cooperative1 
use  of  test  facilities. 

At  that  time  the  facilities  of  Eglin,  Aberdeen,  Wright,  and  num¬ 
erous  other  cold  test  areas  in  the  United  States  were  put  to  work  on  a 
coordinated  program  where  the  data  was  funneled  first  through  the 
Society  of  Automotive  Engineers  and  A.P.I.  and  then  through  the1 
offices  of  a  coordinating  research  council  to  the  central  group.  The? 
last-named  analyzed  the  data  and  made  practical  prototype  working 
models  of  the  products  necessary  for  field  operational  tests. 

Through  the  Army’s  facilities,  they  studied  field  performance  andl 
worked  out  bugs  overlooked  in  the  laboratory  analysis.  In  a  period  of 
about  6  years,  products  were  produced  and  developed  in  these  labora¬ 
tories  which  are  now  in  the  field  and  working  satisfactorily. 


They  have  solved  most  of  the  cold  weather  problems  although  some^ 
work  still  has  to  be  done.  Only  through  this  cooperative  effort  will  I 
this  problem  be  solved  completely. 

Now,  the  products  developed  are  only  as  good  as  the  cans  and 
packages  they  come  in.  Unfortunately,  much  of  the  work  in  that  field 
has  not  been  delved  into  too  deeply.  It  has  been  my  experience  in  the 
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1  in  the  last  6  years  that  the  practical,  major  problems  (again,  I 
speaking  of  petroleum  products)  concern  packaging.  A  can  which 


particularly  when  a  man  has  to  use  gloves  an  inch  thick  to  handle  that 
small  opening. 

The  same  thing  is  true  of  almost  every  other  type  of  packaging 
with  which  I  have  had  experience.  I  can  only  urge  that  you  use  the 
available  facilities  and  attempt  to  coordinate  that  operation  with  field 
service  so  that  the  product  comes  out  in  usable  form  for  these  low 
temperatures. 

Mr.  Espenschade,  will  you  initiate  the  discussion?  I  believe  you  had 
some  additional  data  on  Navy  facilities. 

ESPENSCHADE: 

In  the  chart  handed  you,  you  will  note  that  we  showed  one  of  the 
Navy  installations  which  we  surveyed.  However,  clearance  was  not 
provided  for  the  type  of  photographic  coverage  necessary  for  this 
meeting,  and,  therefore,  I  had  to  omit  the  Navy  pictures. 

However,  I  did  list  the  key  points  of  the  Navy  Bureau  of  Aero¬ 
nautics,  Philadelphia  Navy  Yard.  This  is  a  very  splendid  facility,  and 
the  paper  also  indicates  the  continuing  search  through  various  facil¬ 
ities  to  get  this  information.  That  includes  a  request  to  the  Navy 
Department  for  coverage  of  West  Coast  facilities,  on  which  we  under¬ 
stood  they  were  already  preparing  a  separate  report.  Not  having 
that  material,  I  had  to  leave  it  out.  That  is  also  true  of  a  half  dozen 
other  agencies  and  manufacturers  listed  in  our  paper.  That  is  another 
reason  for  enlisting  your  support.  If  you  know  of  low-temperature 
facilities  in  these  extreme  ranges,  as  distinct  from  small  cold  boxes 
that  you  use  in  the  chemistry  laboratory,  let  us  know  where  they  are 
so  we  can  send  out  our  questionnaires. 


W.  J.  WHITSITT  (The  Institute  of  Paper  Chemistry)  : 

Do  any  of  these  rooms  have  provisions  for  humidity  control? 

ESPENSCHADE: 

Not  too  many,  unfortunately,  but  the  humidity  problem,  for  the  pur¬ 
poses  of  arctic  consideration,  is  relatively  academic.  That  would  more 
ikely  come  up  in  the  area  of  tropical  considerations. 

MILLER: 


Mr.  Myers. 


rfMveI!  are  n°  fUrth6r  questions-  I’ll  turn  the  meeting  back  to 
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CHAIRMAN  MYERS: 

The  next  paper,  on  “Design  and  Construction  of  Quartermaster  Cli¬ 
matic  Research  Chambers  at  Natick,  Massachusetts,”  will  be  given 
by  Professor  L.  F.  Zsuffa,  who  is  at  present  at  the  Georgia  Institute 
of  Technology,  Atlanta.  Prof.  Zsuffa  is  an  engineering  graduate  of 
New  York  University  and  a  reserve  officer  in  the  Quartermaster 
Corps.  He  was  on  active  duty  during  the  period  1951-1953  as  project 
director  for  the  design  and  construction  of  the  U.  S.  Army  Quarter¬ 
master  Research  and  Development  Center,  Natick,  Mass. 


Design  and  Construction  of  Quartermaster  Climatic  Research  Chambers 

at  Natick,  Massachusetts 


LESLIE  F.  ZSUFFA: 

World  War  II  saw  American  soldiers  fighting  in  every  imaginable 
type  of  climate  and  weather  ranging  from  the  hot  steaming  jungles 
of  the  tVopics  to  the  sub-zero  conditions  of  the  Arctic.  Wind,  rain, 
snow,  humidity,  and  even  the  sun  had  to  be  considered  in  providing 
equipment  and  clothing  for  the  men.  Time  did  not  permit  the  full 
and  complete  testing  of  such  items  in  the  field  before  their  issue  toi 
the  fighting  troops  located  all  over  the  world. 

The  Quartermaster  General  and  his  staff  sawT  the  need  of  providing 
Quartermaster  scientists  and  engineers  with  man-made  facilities  for’ 
climatic  testing.  Hot  and  cold  chambers  were  set  up  10  years  ago  im 
leased  space  located  in  the  plant  of  Pacific  Mills  in  Lawrence,  Mass. 
Due  to  the  shortage  of  suitable  equipment,  surplus  property,  such  as 
an  ammonia  refrigerating  system,  was  secured  and  utilized  as  welll 
as  possible.  Despite  the  unsatisfactory  facilities,  much  was  learned', 
with  their  aid  by  the  hard-working  scientists  and  applied  successfully 
to  the  problems  of  the  scattered  battle  fronts. 

Since  the  value  and  worth  of  the  Lawrence  climatic  chambers  had 
been  demonstrated  to  everyone  concerned,  plans  were  started  after- 
World  War  II  by  the  Quartermaster  Corps  to  build  new  chambers 
that  would  provide  the  engineers  and  scientists  with  the  most  modern 
facilities  of  their  type  in  the  world.  The  goal  was  to  construct  facil¬ 
ities  that  would  duplicate  every  conceivable  weather  condition  and 
temperature  that  would  be  encountered  by  American  so  diers  in  any 
part  of  the  earth.  At  the  same  time,  instrumentation  had  to  be  deve  - 
oped  Tn  confunetion  with  the  new  facilities  in  order  to  record  the 
results  of  the  various  tests. 

Preliminary  plans  and  specifications  for  a  set  of  chmatic  chambers 
were  prepared  in  1948  by  a  firm  of  architects-engineers  based  on  re¬ 
quirements  set  up  by  the  scientists  of  the  Research  and  Development 
DWis^n  Office  of  The  Quartermaster  General.  However,  appropr.a- 
Uons  for’  its  construction  could  not  be  secured  at  the  time  from  Con¬ 


gress. 
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TABLE  1 


Framingham,  Massachusetts 
Mean  Monthly  Temperature  and  Precipitation 


January  .... 
February 

March  - 

April  — . 

May  - . — 

June  - 

July  _ 

August  — 
September  .. 

October  _ 

November  - 
December  .. 


Average  for  75  Years  Average  for  65  Years 

Precipitation  (Inches)  Temperature  (°F.) 


4.01 

26.5 

3.91 

26.4 

4.28 

35.8 

3.69 

46.9 

3.19 

58.2 

3.28 

66.8 

3.54 

71.9 

3.74 

69.4 

3.59 

62.7 

3.45 

51.8 

3.73 

40.8 

3.79 

29.9 

Annual 


44.20 


48.9 


Design  Requirements 


Upon  being  assigned  as  project  director  for  design  and  construc¬ 
tion  of  the  new  U.  S.  Army  Quartermaster  Research  and  Develop¬ 
ment  Center  at  Natick,  Mass.,  which  included  the  Climatic  Chambers, 
the  writer  in  conjunction  with  the  U.  S.  Corps  of  Engineers  reviewed 
the  1948  design  in  order  to  keep  the  cost  of  its  construction  within 
the  appropriation  voted  by  the  Congress.  Based  on  recent  develop¬ 
ments  and  requirements,  it  was  finally  decided  to  redesign  the  2 
chambers,  one  for  arctic  conditions  and  the  other  for  tropic  condi¬ 
tions.  (See  Figure  1.) 

Consideration  was  given  to  both  the  weather  conditions  at  Fram¬ 
ingham,  which  is  next  to  Natick  (Table  1),  as  well  as  ambient  condi¬ 
tions  (Table  2),  in  the  requirements  as  follows: 

1.  Arctic  Climatic  Chamber. 

a.  Temperature:  Minus  70°  FDB  to  plus  70°FDB,  plus  or  minus 
1°  FDB. 


b.  Humidity :  Shall  be  controlled  by  means  of  dew-point  control. 

For  dry-bulb  temperatures  between  0°  FDB  to  plus  70°  FDB  the 
dew-point  temperature  shall  be  controlled  between  the  values  of  minus 
0  and  p  us  67.5  .  At  any  dry-bulb  temperature  the  dew  point  will 
be  controlled  over  a  range  not  exceeding  that  limited  by  the  relative 
humidity  ranges  shown  below.  The  dew  point  will  be  controlled  within 
a  tolerance  of  plus  or  minus  1°  over  the  entire  range  of  control 

(  )  FDB  to  plus  40  FDB _  10%  to  90#  RTT 

(3)  Plus  40°  FDB  to  plus  70*  FDB  ““to*  to  90%  RK 
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Showing  floor  plan  of  Climatic  Building.  The  two  test  chambers,  one  for  arctic  condi¬ 
tions  and  the  other  for  tropic  conditions,  are  at  opposite  ends  of  the  building. 


TABLE  2 


Natick,  Massachusetts 
Ambient  Conditions 

SUMMER 

Dry-bulb  temperature,  °F.  . - - - 

Wet-bulb  temperature,  °F.  . . . — — 

Average  wind  velocity,  mph . — - - - 

Condenser  water  temperature,  °F.  . . - . — 

Domestic  water  temperature,  °F.  . . 

WINTER 

Dry-bulb  temperatures,  °F . . . 

Average  wind  velocity,  mph 

Condenser  water  temperature,  °F.  - - - - 

Domestic  water  temperature,  °F.  — . . . - 


96 

78 

12.6 

80 

70 


Minus  10 

. .  12.6 

_  40 

_  40 


c.  Wind: 

Minus  70°  FDB  _ 2  to  5  mph 

Minus  60°  FDB  _ 2  to  10  mph 

Minus  50°  FDB  _ 2  to  28  mph 

Minus  40°  FDB  _ 2  to  40  mph 

Minus  40°  FDB  to  plus  70°  FDB  _ 2  to  40  mph 

d.  Internal  load  data: 

Item  BTU/hr.  Remarks 


(1)  People  - 37,500  30  men  @  1,250  BTU  each 

Lights  - 25,650  7,500  watts 

Two  treadmills  . .  50,900  10  hp  each 

Solar  radiation _  34,200  10,000  watts 


148,250 

148,250 

12,000 

(2)  People  _ _ 7,500 

Ranges  &  misc. 
equipment  - 100,000 

Lights  - 25,650 

Total  . 133,150 

133,150 

12,000 
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12.35  tons  of 
refrigeration 

6  men  @  1,250  BTU  each 

Oil-fired  field  ranges 
7,500  watts 


11.1  tons  of 
refrigeration 


(3)  People  . - . .  2,500  2  men  <§>  1,250  BTU  each 

20  hp  gasoline  engine  101,800  Exhaust  piped  out  of  test 

chamber 

Lights  -  25,650  7,500 


129,950 

129,950 

12,000 


10.8  tons  of 
refrigeration 


The  loading  in  the  chamber  may  be  any  one  of  the  above  3  groups 
but  not  more  than  group  No.  1  at  any  one  time.  Since  group  No.  1  is 
the  greatest  load,  that  value  was  used  for  the  calculation  of  refrigera-. 
tion  equipment.  Estimating  15  cfm  of  fresh  air  required  per  person 
a  total  of  450  cfm  of  air  is  to  be  brought  into  the  chamber. 


2.  Tropic  Climatic  Chamber. 

a.  Temperature :  0°  FDB  to  plus  165°  FDB  plus  or  minus  1°  FDB 

b.  Humidity :  Shall  be  controlled  by  means  of  dew-point  control 
For  dry-bulb  temperatures  between  0°  FDB  to  125°  FDB  the  dew-1 

point  temperature  shall  be  controlled  between  the  values  of  minus  40' 
to  plus  121°.  At  any  dry-bulb  temperature  the  dew  point  will  be  com 
trolled  over  a  range  not  exceeding  that  limited  by  the  relative  humidity 
ranges  shown  below.  The  dew  point  will  be  controlled  within  a  toler 
ance  of  plus  or  minus  1°  over  the  entire  range  of  control. 

(1)  0°  FDB  to  plus  40°  FDB  . . . 10%  to  90%  RHi 

(2)  plus  40°  FDB  to  plus  85°  FDB  . .  10%  to  90%  RH 

(3)  plus  85°  FDB  to  plus  125°  FDB  _  10 %  to  90%  RH 


(4)  plus  125°  FDB  to  plus  165°  FDB  _ no  control. 

c.  Wind: 

0°  FDB  to  plus  110°  FDB - - 2  to  40  mpl 

Plus  120°  FDB  _ 2  to  30  mpl 

Plus  130°  FDB  _ 2  to  20  mpl 

Plus  140°  FDB  to  plus  165°  FDB  ~~ - 2  to  5  mpl 

d.  Internal  load  data :  . 


The  data  in  this  section  are  the  same  as  that  shown  previously  undei 
the  Arctic  Climatic  Chamber. 

General  Requirements 


1  Pull  down  requirement.  The  Arctic  Climatic  Chamber  must  pul 
down  from  plus  70"  FDB  to  minus  70"  FDB  within  16  hours  with  n< 
internal  load,  and  the  Tropic  Climatic  Chamber  must  pull  down  fron 
165°  FDB  to  0°  FDB  within  16  hours  with  no  internal  load. 


2.  Constant  temperature  wall  The  Quartermaster  scientists  a 
quired  that  the  temperature  of  the  walls  and  ceiling  of  each  dim 
chamber  shall  be  constant  at  all  points  in  the  test  section. 
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3.  Auxiliary  rooms.  . 

a.  Arctic  Dressing  Room:  This  dressing  room  Wl11  be  air  C^c' 
ditioned  so  that  it  can  maintain  any  room  temperature  between  60 
and  80°  FDB  and  50%  RH  while  supplying  200  cfm  of  make-up  air. 

b.  Tropic  Dressing  Room:  Same  conditions  as  Arctic  Dressing 


c.  Arctic  Clothes  Conditioning  Room:  The  air  conditioning  sys¬ 
tem  shall  be  capable  of  producing  and  maintaining  any  room  tem¬ 
perature  between  minus  70°  FDB  and  plus  70°  FDB  without  any 

humidity  control.  .  ... .  . 

d.  Tropic  Clothes  Conditioning  Room :  The  air  conditioning  sys¬ 
tem  shall  be  capable  of  producing  and  maintaining  any  room  temper¬ 
ature  between  0°  FDB  and  plus  165°  FDB  without  any  humidity 
control. 


4.  Auxiliary  equipment. 

a.  Rain  water :  Each  chamber  is  to  be  equipped  with  rain  nozzles 
at  the  wind  intake  end  of  the  test  section.  A  refrigeration  system  is 
to  be  provided  to  take  care  of  the  rain  water  for  both  chambers  and 
shall  have  a  capacity  to  cool  10  gallons  of  water  per  minute  from 
70°F.  to  35°F.,  continuously. 

b.  Snow  machine:  Electric  receptacles  shall  be  provided  for  an 
ice-shaving  machine  that  will  provide  fine  crystalline  ice  particles  for 
test  purposes. 

c.  Solar  radiation :  Electric  receptacles  shall  be  provided  for  a 
solar  radiation  panel  consisting  of  a  combination  of  utraviolet  and 
infrared  lamps. 

d.  Radiation  panels :  In  order  to  produce  long  wave  radiation  ef¬ 
fects  at  temperatures  different  from  those  in  the  chamber,  a  set  of 
portable  wall  and  ceiling  pipe-coil  panels  are  to  be  provided  at  a  later 
date.  However,  each  chamber  shall  contain  pipe  connections  for  sup¬ 
plying  brine  to  the  pipe  coils  in  the  panels. 


General  Design 

1.  Layout.  From  the  above  requirements  it  was  apparent  to  the 
architects-engineers,  their  consultants,"  and  the  writer  that  in  general 
the  layout  should  consist  of  2  wind  tunnels  placed  flat  on  the  ground 
connected  together  with  a  building  containing  the  observation  rooms, 
day  room,  dormitory,  auxiliary  rooms,  and  the  machinery  room 

2.  Chamber  construction.  Each  of  the  2  climatic  chambers  are  oval 
m  shape  with  a  major  axis  of  approximately  140  feet  and  a  minor 
axis  of  46  feet.  At  the  south  end  of  each  chamber  in  the  form  of  an 
appendix  is  a  by-pass  for  conditioning  the  air.  The  inside  dimensions 

f  the  chamber  tunnels  vary  from  a  circular  vortex  with  a  diameter 

Jo^hTu^  Professors  J.  R.  Martha™  and 
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of  13  feet  to  the  60  feet  long  test  section  which  is  15  feet  wide,  8  feet 
8  inches  high  to  the  eaves,  and  12  feet  high  to  the  center  of  the  ridge. 
The  outside  shell  consists  of  1/4,-inch  steel  plate  welded  construction,) 
supported  fiom  the  outside  by  a  light  structural  steel  framework.! 
This  shell  forms  the  exterior  vapor  seal  and  weather  protection.  The! 
inner  shell  is  18-gauge  steel  of  welded  construction  and  forms  the 
interior  vapor  seal  and  tunnel  liner.  The  12-inch  space  between  the! 
inner  and  outer  shell  contains  fiberglass  butt  insulation  supported  by 
a  framework  of  specially  treated  wood. 

3.  Climatic  conditioning  systems.  The  refrigeration  system  for  each 
chamber  is  a  2-stage  cascade  type  manufactured  by  the  Worthington 
Pump  and  Machinery  Corporation.  The  low  stage  operates  with  Freon 
12  as  the  refrigerant  and  the  high  stage  uses  Trichlorethylene.  Low 
stage  compressors  are  of  the  multi-stage  centrifugal  type  and  the  high 
stage  are  the  reciprocating  type.  The  systems  are  standard  compound 
complete  with  intercoolers,  condensers,  accessories,  and  controls.  The 
arctic  system  has  a  capacity  of  approximately  136  tons  and  the  tropic 
of  approximately  123  tons.  Temperatures  range  from  minus  70c 
FDB  to  plus  70°  FDB  in  the  Arctic  Climatic  Chamber,  and  from  0C 
FDB  to  plus  165°  FDB  in  the  Tropic  Climatic  Chamber,  plus  or  minus 
1°  FDB.  Dew  point  in  the  tunnels  are  controlled  within  a  tolerance 
of  plus  or  minus  1°  from  10%  to  90%  RH  over  a  temperature  range 
from  0°  FDB  to  plus  125°  FDB. 

4.  Main  wind  fans.  The  main  fans  for  the  climatic  tunnels  are  the 
high  efficiency  8-propeller  type,  13  feet  in  diameter,  of  a  standard 
design  manufactured  by  the  Jeffrey  Mfg.  Co.  Each  fan  is  driven 
through  a  propeller  shaft  from  a  400  hp  electric  motor  located  outside 
of  the  tunnel.  Between  the  motor  and  the  propeller  shaft  is  an  air¬ 
cooled  magnetic  clutch  acting  as  a  speed  reducer.  Provisions  are  made 
through  its  windings  for  the  motor  to  operate  at  2  speeds,  600  rpm 
and  300  rpm.  This  system  produces  wind  speeds  in  the  tunnel  from 
2  to  40  mph,  with  the  fan  speed  maintained  within  0.5  of  1%  at 


maximum  rpm.  ,  _ 

5  By-pass  fans.  These  fans,  located  in  the  appendix  end  of  the  tun 

nels  are  of  the  centrifugal,  double  inlet,  double  width,  multi-blades 
backward  curve  type,  designed  to  operate  at  low  and  high  temperat 
tures  and  are  driven,  through  a  magnetic  clutch  operating  as  a  speed 
reducer,  by  squirrel  cage  induction  motors.  The  arctic  fan  has  a  capa 

city  of  68,500  cfm  and  the  tropic  fan  27,400  cfm. 

6.  Rain  icater  systems.  These  systems  in  the  climatic  chambers  hav< 
a  refrigerating  capacity  of  approximately  15  tons  The  systems  ar« 
designed  to  provide  either  warm  or  cold  artificial  rain  in  the  te 

section  rain  courts.  . ,  ,  • 

7.  Dressing  rooms.  The  conditioning  systems  for  the  arctic  and  tropi 
dressing  rooms  have  a  single-stage  compression  system  connected  to  ar 
air  conditioning  unit  containing  a  direct  expansion  cooling  coil,  stean 
reheat  coil,  and  steam  humidifier.  The  system  will  maintain  room  tern 
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peratures  between  60’  and  80’  FDB  and  50%  RH  while  supplying 
make-up  air  and  has  a  refrigerating  capacity  of  approximately  3  /* 


tons  at  design  conditions.  .  , 

8.  Arctic  Clothing  Conditioning  Room.  The  refrigerating  system  for 
this  facility  is  a  compound  compression  system  connected  to  a  finned 
coil  evaporator  through  a  modulating  suction  pressure  regulating 
valve.  The  system  will  maintain  room  temperatures  between  minus 
70°  FDB  and  plus  70°  FDB  and  have  a  capacity  of  approximately  2 
tons  at  design  conditions. 

9.  Tropic  Clothing  Conditioning  Room.  The  refrigerating  system  is  a 
single-stage  compression  system  connected  to  an  air  conditioning  unit 
containing  a  direct  expansion  cooling  coil,  a  water  cooling  coil,  and  a 
steam  heating  coil.  The  system  will  maintain  the  room  temperatures 
between  0°  FDB  and  plus  165°  FDB  and  have  a  capacity  of  approxi¬ 
mately  1.5  tons  at  design  conditions. 


Details  of  the  Design 


1.  Vapor  barrier  shells. 

a.  General:  One  of  the  greatest  problems  in  designing  low- 
temperature  facilities  is  concerned  with  keeping  moisture  out  of  the 
insulation,  for  moisture  tends  to  increase  the  thermal  conductivity  of 
the  insulating  material.  It  is  a  commonly  accepted  rule  that  a  one 
per  cent  gain  in  weight  due  to  moisture  will  increase  the  conductivity 
of  a  material  by  5%.  Moisture  penetration  is  most  serious  during 
the  summer  when  normal  outside  temperatures  and  absolute  humid¬ 
ities  are  high.  Such  conditions  cause  a  difference  in  the  vapor  pressure 
between  inside  and  outside  the  low-temperature  space  which  forces 
moisture  vapor  into  the  insulated  space  and  toward  the  inner  or  low 
temperature  side  of  the  wall. 

b.  Sheet  steel  vapor  barriers:  To  prevent  this  condition,  a  mois¬ 
ture  vapor  barrier,  such  as  an  asphalt  impregnated  paper,  is  applied 
to  the  outer  side  of  the  insulation.  But  tests  by  Quartermaster  scien¬ 
tists  and  others  indicated  that  there  is  no  known  material  which  is 
absolutely  impervious  to  moisture  vapor  under  all  conditions.  For 
example,  moisture  vapor  can  be  made  to  pass  through  a  sheet  of  steel, 
although  moisture  itself  does  not  penetrate.  However,  after  a  detailed 
study  of  the  problem,  it  was  decided  in  the  case  of  the  climatic  cham¬ 
bers  to  construct  the  inner  and  outer  shells  out  of  hot-rolled  steel 
plates  welded  together.  All  seams  are  welded,  with  i/8-inch  thick  and 
heavier  plate  butted,  and  material  lighter  than  %-inch  lapped  ll/8 
inch,  the  tightness  of  each  seam  upon  completion  was  tested  by 
applying  a  soap  solution  to  the  weld,  then  placing  a  glass-covered  and 
r  bber  gasket  frame  on  the  top,  and  by  means  of  a  small  pump  pro- 

.  ,  ,ng  a '  vacuum  inside  the  frame.  Appearance  of  soap  bubbles  indi- 
cated  a  faulty  seam  which  was  immediately  corrected  by  rewelding 
Due  to  the  complexities  of  welding  stainless  steel  as  well  as  the 
CntlCal  ‘his  material  during  the  design  stages,  ft  was 
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decided  to  use  mild  steel  plates  which  would  be  sprayed  1/16-inch 
thick  with  rust  resisting  material  consisting  of  reclaimed  rubber  and 
petroleum  naptha  distillate,  range  145°-205°F.  Wherever  a  penetra-I 
tion  of  the  inner  and  outer  steel  sheets  had  to  be  made  for  the  en¬ 
trance  of  piping  or  pass-throughs,  all  joints  had  to  be  welded.  Mild, 
hot-rolled  corrugated  steel  expansion  joints  were  welded  to  the  edges 
of  the  outer  and  inner  shells  at  the  expansion  points. 

c.  Lumber :  The  wood  framing  between  the  outer  and  inner 
steel  shells  was  specified  as  white  oak  or  yellow  pine,  having  the  com¬ 
pressive  strength  parallel  to  the  grain  of  1,200  lbs.  per  square  inch. 
The  lumber  was  required  to  be  vacuum  and  pressure  treated  with 
chromated  zinc  chloride  or  Wolman  salts  as  described  in  Federal 
specifications  TT-W-551,  TT-W-573,  and  TT-W-571b. 

d.  Breathing  apparatus :  Due  to  the  large  expanse  of  steel  plates 
it  was  expected  that  both  the  outer  and  inner  shells  will  expand  and 
contract  with  temperature  changes  causing  a  proportionate  change 
of  pressure  between  the  inside  air  and  the  atmosphere.  In  order  to 
prevent  moisture  entering  with  the  air,  each  climatic  chamber  is  sup¬ 
plied  with  6  dehydrator  assemblies.  Each  of  the  units  consists  oi 
lV^-inch  sealed  cap  valve  and  a  cartridge  dryer.  Moisture  can  be 
expelled  but  cannot  enter  the  inside  between  the  2  steel  shells  with 
incoming  air. 

2  iTisulcitioTi. 

a.  General :  All  concerned  with  the  design  of  the  chambers  were 
determined  to  utilize  the  best  insulation  available.  Consideration  was 
given  to  the  “U”  value  (thermal  transmittance  per  unit  area— heal 
transferred  per  unit  time  per  unit  area  per  degree  overall)  as  well  as 
the  “K”  factor  (the  coefficient  of  thermal  conductivity  representing 
the  amount  of  heat  transmitted  per  hour  through  a  square  foot  of  the 
material  one  inch  in  thickness,  when  the  surface  temperatures  on 

TABLE  3 

Comparison  ok  Insulating  Materials 


Material 

Silica  aerogel  “Santocel” 

Still  air  (theoretical) 

Hard  cellular  rubber  “Rubatex” 


K  Factor  Authority 

.15  Rowley,  Jordon  &  Lander 

U.  of  Minn. 

.175  Various  authorities 

.21  F.  G.  Hechler, 

Penn.  State  Univ. 


Reflective  aluminum  “Alumiseal” 


225  Gordon  B.  Wilkes, 
M.I.T. 


Glass  fiberboard  “Fiberglas” 


27  Gordon  B.  Wilkes, 

M.I.T. 


Corkboard  . - . . 

Cellular  glass  block  “Foamglas” 


27  Gordon  B.  Wilkes, 

M.I.T. 

39  Rowley,  Jordon  &  Lander' 

U.  of  Minn. 
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rmnosite  sides  differ  by  1°F.).  Accepted  indices  of  thermal  conduc- 
tMty for  certain  insulating  materials  (dry)  at  normal  refngerat.on 
temperatures  as  shown  in  Table  3  were  examined  and  considere^ 

b.  Selection  of  insulation :  Samples  of  all  of  the  materials  listed 
in  Table  3  were  secured  and  tested.  At  the  same  time,  he  bas  » 
plus  the  cost  of  installing  each  material  were  also  studied  Taking  all 
of  these  factors  into  consideration,  it  was  decided  to  use  the  following 

insulating  materials  for  the  purposes  indicated.  , 

(1)  Climatic  Chambers:  Fiberglas  or  Alumiseal  were  to  be 

used  to  fill  the  12-inch  wall  space  with  the  option  being  given  to  the 
contractor  as  to  what  he  would  use.  In  this  case,  he  decided  to  utilize 
Fiberglas.  But  for  purposes  of  this  report,  the  specifications  for  each 

will  be  given.  .  ,  n  a 

(a)  Fiberglas:  The  total  thickness  of  insulation  installed 

between  the  outer  and  inner  shells  of  the  Climatic  Chambers  shall  be 
approximately  12  inches  and  shall  not  exceed  this  thickness.  This 
thickness  shall  produce  a  “U”  value  of  not  more  than  0.025  at  75°  F., 
and  “K”  value  with  density  not  less  than  one  pound  and  not  more  than 
6  pounds  shall  be  not  more  than  0.28.  The  insulation  when  completely 
submerged  and  saturated  in  water  and  then  removed  and  drained, 
shall  not  retain  more  water  than  15  $  of  its  weight.  When  submitted 
to  atmosphere  having  95%  humidity  and  75°  F.  temperature  for  36 
hours,  it  shall  not  absorb  more  than  1%  of  its  weight  in  moisture.  It 
shall  not  contain  any  organic  matter  and  shall  not  deteriorate  or 
become  brittle  with  age.  The  insulation  shall  be  fabricated  from  basic 
raw  materials  and  the  density  of  the  insulation  shall  vary  not  more 
than  10%.  The  insulation  shall  have  been  successfully  used  on  similar 
projects.  The  fibers  of  the  insulation  shall  be  held  together  with 
phenolic  resin  and  the  amount  of  resin  shall  not  be  enough  to  support 
combustion  when  exposed  to  a  flame.  The  insulation  shall  be  of  size 
to  snugly  fit  between  the  framing  timbers  and  shall  be  set  in  place 
as  each  layer  of  the  framing  timbers  is  put  in  place.  The  insulation 
shall  be  secured  to  the  framing  timbers  by  toe-nailing  in  place  or 
driving  nails  into  the  timbers  and  stretching  wires  across  the  face 
of  the  insulation  until  the  next  layer  of  timber  is  secured  in  place. 
When  the  last  layer  of  the  insulation  and  framing  timber  is  put  in 
place  all  of  the  outer  edges  of  the  framing  timbers  which  are  in  con¬ 
tact  with  the  thin  steel  plate  shall  be  covered  with  a  strip  of  mill 
asbestos  board  Va-inch  thick  and  6  inches  wide.  All  joints  shall  lap 
one  inch  so  that  no  place  will  the  timber  come  in  contact  with  the 
metal  casing. 

(b)  Alumiseal:  Aluminum  reflective  insulation  may  be  used 
in  place  of  Fiberglas,  if  the  contractor  so  desires.  The  aluminum  shall 
be  .006  nominal  thickness  and  shall  reflect  95%  to  97%  of  radiant 
heat,  and  have  a  corresponding  emissivity  of  .03  to  .05.  It  shall  con- 
form  to  Federal  specification  QQ-A-561a,  Condition  %  H.  The  insula¬ 
tion  shall  be  secured  to  wood  strips  3/4_inch  thick  and  13/4_inch  wide. 
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Successive  layers  of  wood  and  aluminum  insulation  shall  be  installed 
tor  a  depth  of  12  inches  and  all  conditions  shown  under  Fiberglas  ful-j 
filled.  The  surfaces  of  wood  and  metal  shall  be  painted  with  bitumi¬ 
nous  paint,  blended  type,  coal  tar  pitch  base  wherever  these  surfaces 
come  in  contact  with  the  aluminum. 

(2)  Air  Locks  and  Clothes  Conditioning  Rooms:  Corkboarc 
insulation  was  specified  for  these  facilities.  The  masonry  walls  shal 
be  thoroughly  cleaned  of  dirt,  dust,  rough  mortar,  and  given  a  coat  ot 
plaster  consisting  of  one  part  of  Portland  cement,  3  parts  of  clean 
sharp  sand  and  hydrated  lime  in  the  proportion  of  5r/(  cement.  This 
should  be  applied  approximately  i/>-inch  thick  and  floated  to  a  true 
even  surface.  After  the  plaster  is  thoroughly  dried,  it  shall  be  coatee 
with  asphalt  primer  which  shall  be  in  accordance  with  Federal  speci¬ 
fication  SS-A-701.  The  corkboard  shall  conform  to  the  requirements 
of  Federal  specification  HH-C-561c  and  shall  be  applied  in  2  layers 
which  shall  be  of  near  equal  thicknesses.  The  first  layer  shall  have 
the  surface  to  be  applied,  dipped  in  hot  asphalt  and  applied  to  the 
walls.  The  asphalt  shall  conform  to  Federal  specification  SS-A-666 
Type  III.  The  second  layer  shall  be  dipped  in  hot  asphalt  and  applied 
to  the  first  layer,  and  wooden  scewers  long  enough  to  extend  through 
both  layers  of  cork,  shall  be  driven  at  a  slight  angle  into  the  layers  ot 
corkboard,  applying  3  to  each  side.  The  scewers  shall  be  made  of  hard! 
wood  approximately  Vi  inch  in  diameter.  The  walls  of  the  dressing 
rooms  shall  be  lined  with  corkboard  insulation,  one-inch  thick.  It  shal 
conform  to  Federal  specification  HH-C-561b.  The  insulation  shall  be 


applied  to  the  masonry  walls  with  2-inch  long,  galvanized  large  headet 
nails  spaced  16  inches  apart  vertically  and  horizontally.  The  ceilings 
of  the  Clothes  Conditioning  rooms  shall  consist  of  layers  of  cork  sup 
ported  by  wood  joists  and  decking.  Over  the  top  of  the  wood  decking 
apply  one  layer  of  waterproof  building  paper  in  accordance  wit! 
Federal  specification  UU-P-147  and  lap  the  edges  3  inches.  The  papei 
shall  be  secured  to  the  decking  with  large  headed  nails  tacked  arouno 
the  edges  and  spaced  approximately  6  inches  apart.  The  first  layei 
of  corkboard  shall  be  dipped  in  hot  asphalt  and  applied  to  the  papei 
and  the  second  layer  shall  be  dipped  and  applied  to  the  first  layer  a. 
corkboard,  so  that  the  joints  of  the  second  layer  do  not  coincide  wit! 
the  joints  of  the  first  layer.  Mop  the  top  of  the  insulation  with  ho 
asphalt  and  apply  one  layer  of  15-pound  asphalt  saturated  roofing 
paper  while  the  asphalt  is  hot.  Lap  edges  of  paper  one  inch. 

(3)  Dressing  rooms:  Corkboard  insulation  was  s specified  foi 
these  rooms.  The  walls  are  lined  with  board,  one-inch  thick.  It  shal 
conform  to  Federal  specification  HH-C-561b.  The  insulation  shall  be 
applied  to  the  masonry  walls  with  2  inches  long,  ^lvanized  large 
headed  nails  16  inches  apart  vertically  and  horizontally.  The  ceil  j 
insulation  shall  be  cut  to  fit  neatly  between  the  steel  channels  support 
ing  the  metal  lath  and  plaster  ceiling,  and  shall  be  laid  on  top  of  t 

metal  lath. 
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3.  Constant  temperature  lining.  As  a  result  of  the  resea  „ 

ried  out  by  Dr.  L.  P.  Herrington,  Pierce  Laboratories,  New  Haven, 
Conn  it  was  possible  to  achieve  constant  temperatures  m  the  walls 
and  ceilings  of  the  Climatic  Chambers  without  a  costly  installation  of 
pipe  coils  and  valves.  This  was  achieved  by  installing  a  lining  of  18- 
gauge  sheet  steel  2  inches  away  from  the  inner  steel  shell  along  the 
walls  and  ceiling  of  each  60-foot  test  section.  This  permits  the  air  of 
the  tunnel  to  circulate  freely  between  the  lining  and  inner  steel  she 
and  thus  make  possible  uniform  constant  temperatures  in  the  walls 
and  ceiling.  The  lining  was  installed  by  having  1,4-inch  extra  heavy 
steel  pipe  studs  2  inches  long  welded  to  the  fixed  lining  and  spaced  15 
inches  on  centers  vertically  and  horizontally.  The  studs  aie  topped  to 
take  standard  %-inch  machine  screws  and  the  lining  secured  in  place 
by  engaging  the  screws  into  the  pipe  studs.  Before  the  lining  was 
put  in  place,  the  interior  surfaces  of  the  fixed  shell  and  both  surfaces 
were  sprayed  with  rust  resisting  material. 


4.  Corner  vanes  and  screens.  Sheet  steel  corner  vanes  are  provided 
to  fulfill  a  particular  purpose — to  make  possible  a  non-turbulent, 
laminar  flow  of  air  in  the  chamber.  Galvanized  screens  of  ^2 -inch 
mesh  of  0.050-inch  diameter  wire  are  placed  upstream  of  each  fan 
section  and  at  entrance  to  each  test  section.  These  screens  are  to 
prevent  pieces  of  test  equipment  and  material  from  being  carried  into 
the  fans  at  high  wind  speeds. 


5.  Observation  windows.  Figure  1  shows  that  there  are  3  observa¬ 
tion  windows  between  the  observation  section  and  test  section  of  each 
chamber.  Each  of  these  6-foot  long  windows  is  made  up  of  7  panes 
of  14,-inch  thick  plate  glass,  hermetically  sealed  and  secured  in  place 
with  rubber  gaskets  and  stainless  steel  frame.  The  space  between  the 
panes  is  absolutely  airtight  with  a  permanent  chemical  desiccant 
placed  in  the  space.  The  glass  assemblies  are  secured  in  place  with 
premolded  gaskets  of  silicone  rubber. 


6.  Non-slip  floor  covering.  Various  ideas  were  explored  to  find  a 
non-skid  floor  for  the  test  sections.  Based  on  extensive  tests  it  was 
decided  to  use  a  floor  of  14-inch  steel  plates  butt  welded  at  the  seams, 
which  permits  a  floor  loading  of  150  pounds  per  square  foot.  A  non¬ 
slip  floor  surface,  made  by  the  Minnesota  Mining  and  Manufacturing 
Co.,  and  known  as  “Coro-guard,”  was  applied  in  3  separate  coats  by 
spraying,  giving  a  coat  with  a  total  thickness  of  approximately  7/16 


h'^  rirje?atl°n  ™ach™ery-  The  machinery  and  equipment  installed 
y  the  contractor  for  the  chambers,  Arthur  E.  Magher  Co.,  New  York 

rpfri  1S  designed  around  Worthington  Pump  and  Machinery  Corp’ 

3  in  Ik™11011  T  ne7  and  1S  essentially  that  described  in  paragraph 
3  in  the  preceding  section  on  “General  Design.”  Since  the  details  of 

the  machmery  are  so  extensive  and  voluminous,  it  would  require 
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extending  this  paper  to  3  times  its  length.  Therefore,  in  order  to  save! 

Timo  Q  Vi  fl  onn  4- _ _ i  a  i  i  ...  . 


°  -  1  ^ ^  wuico  icngiii.  liiereiore,  in  order  to  s c 

time  and  space,  only  features  out  of  the  ordinary  will  be  described 
this  paragraph. 


lr 


a 


a.  Condenser  water  pumps:  The  refrigeration  machinery,  as  de¬ 
signed,  will  require  up  to  8,000,000  gals,  of  water  a  day  for  cooling 
This  is  obtained  at  the  Natick  site  from  Lake  Cochituate,  a  body  of 
fresh  water  containing  more  than  2  billion  gallons.  Eight  pumps, 
ranging  in  size  from  300  gpm  to  1,600  gpm  are  located  in  the  base¬ 
ment  of  the  boiler  house,  into  which  runs  a  pipe  from  a  water  intake- 
tower  located  in  the  lake  just  south  of  the  building.  Besides  the  usual 
screens  in  the  intake  pipe,  provisions  have  been  made  to  provide  £ 
complete  chlorinating  system  to  inhibit  the  growth  of  microorganisms 
in  the  pipe  lines,  pumps,  condensers,  and  other  equipment  and  thus 
keep  them  operating  at  maximum  efficiency.  From  the  boiler  house, 
the  water  is  pumped  to  the  Climatic  Building,  from  which  the  water 
with  a  maximum  temperature  rise  of  2.5° F.  is  dumped  back  into 
Lake  Cochituate,  much  purer  than  when  it  entered  the  system  on  the 
other  side. 

b.  Machinery  vibration :  All  types  of  vibration — proof  mountings 
for  the  refrigeration  machinery  were  studied  and  it  was  finally  de¬ 
cided  to  provide  separate  and  complete  concrete  foundations,  entirely 
isolated  from  the  main  Climatic  Building.  These  machinery  founda¬ 
tions  have  their  own  footings  in  the  sand-gravel  ground  which  will 
not  transmit  vibrations  to  the  building  footings.  In  addition,  both 
main  fans  and  their  drive  motors  have  been  provided  with  separate 
foundations.  Thus,  scientists  can  operate  their  instruments  without 
fear  of  vibration  from  the  machinery. 

c.  Defrosting.  Provisions  have  been  made  in  each  chamber  for 
2  sets  of  cooling  coils,  so  that  while  one  is  being  used,  the  other  set 
can  be  defrosted. 

d.  By-pass  arrangements:  Sliding  steel  doors  are  installed  in  the 
by-pass  area  of  each  climatic  chamber.  This  will  make  it  possible 
to  vary  the  amount  of  air  to  be  conditioned  by  the  refrigerating  or 
heating  coils.  It  should  be  noted  that  the  main  fan  in  each  chamber 
has  a  maximum  air  volume  of  550,000  cfm,  while  the  arctic  by-pass 
fan  is  rated  at  68,500  cfm  and  the  tropic  by-pass  fan  at  27,400  cfm. 
According  to  the  design  engineers,  it  may  be  possible  to  have  a  2  to  5 
mph  wind  in  the  tunnels  by  just  utilizing  the  by-pass  fan. 


8  Treadmills.  In  the  floor  of  each  climatic  chamber  is  provided  a  pit 
to  house  2  inclinable  treadmills  with  external  drives  and  auxiliaries. 
The  top  of  the  tread  belt  of  each  treadmill  is  3/16  inch  below  the 
finished  floor  level  so  that  they  can  be  covered  with  3/16-inch  thick 
steel  plates  when  not  in  use.  Each  of  the  treadmills  is  designed  for 
a  live  load  of  2  men  (500  lbs.)  or  approximately  60  pounds  per  square 
foot  Removable  hand  rails  are  provided  with  each  treadmill.  Further¬ 
more,  through  a  hydraulic  pump  system  located  in  the  observation 
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room  it  is  possible  to  incline  the  treadmill  from  the  horizontal  to  a 
,»«,  „rac)e  elevation.  The  4-foot  6-inch  wide  belt  is  of  multi-ply 
construction  of  light  cotton  duck  thoroughly  rubber  impregnated  and 
vulcanized  to  form  an  endless  belt.  The  speed  range  is  from  V/2  to 

15  mph. 

9  Floor  coils.  Under  each  test  section  floor  is  a  system  of  pipe  coils 
consisting  essentially  of  1%  inches  full  weight  wrought  iron  pipe  fab¬ 
ricated  into  sections  circulating  tnchlorethylene  brine.  All  piping  - 
welded  and  surrounded  with  Fiberglas  insulation.  The  coils  will  act 
as  heating  or  cooling  coils,  as  the  duty  requires. 

10.  Lighting.  Flood-type  incandescent  lamps  recessed  in  the  ceiling 
are  utilized  for  lighting  purposes.  Fluorescent  and  vapor-type  lamps 
were  found  to  be  unsatisfactory  at  low-temperature  conditions. 

11.  Instrumentation  and  controls.  For  best  efficiency,  all  machin¬ 
ery  controls  are  located  in  the  machinery  room  where  they  are  oper¬ 
ated  by  the  operating  engineer  in  accordance  with  the  requirements 
of  the  scientists  working  in  the  observation  rooms.  However,  record¬ 
ers  and  instruments  needed  by  scientists  in  their  work  are  located  in 
the  observation  rooms.  There  are  several  safety  switches  located  in 
the  test  sections,  observation  rooms,  and  machinery  room,  interlocked 
in  such  a  way  that  the  machinery  cannot  be  started  except  from  the 
post  of  the  operating  engineer.  Pneumatic  and  electronic  instru¬ 
ments  are  utilized  as  required.  Because  of  the  extensiveness  of  the 
instrumentation,  it  is  not  covered  in  this  paper. 


Conclusions 

It  is  hoped  that  this  paper  has  presented  a  picture  of  interest  and 
value  to  the  scientists  and  engineers  assembled  for  this  symposium. 
As  soon  as  the  Climatic  Research  Chambers  are  put  into  operation  the 
first  part  of  1954,  it  is  expected  that  much  needed  information  will 
be  added  to  the  world’s  storehouse  of  knowledge  in  the  fields  of  cli¬ 
matic  research.  Of  particular  interest  to  this  group  will  be  the  great 
possibilities  for  work  on  containers. 
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Discussion 


CHAIRMAN  MYERS: 

Mr.  Rest,  will  you  please  discuss  Prof.  Zsuffa’s  paper  in  the  light  of 
your  contacts  with  the  problem? 

DAVID  H.  REST  (Quartermaster  Food  and  Container  Institute)  : 

The  initial  steps  in  setting  up  the  design  problem  of  such  an  installa¬ 
tion  as  described  by  Prof.  Zsuffa  as  well  as  other  installations  is  dis¬ 
couraging  in  that  no  guiding  information  has  been  published.  That  is 
information  setting  forth  standard  climatic  needs  and  tolerances. 
Personal  observation  leads  one  to  believe  that  the  ranges  and  capacity 
of  every  chamber  is  different. 

It  would  be  simple,  of  course,  to  design  a  chamber  to  embrace  a; 
very  large  range  of  temperatures  in  a  box  and  then  add  5°  to  10° 
for  good  measure.  Prices,  however,  become  fantastic.  It  has  been 
stated  that  for  every  10°  below  minus  60°F.  for  which  a  box  is  de¬ 
signed,  the  cost  increases  by  a  factor  of  two.  So  you  see,  if  a  minus 
70°  box  will  suffice,  there  is  little  inducement  to  build  one  for  minus 
90° F.  On  the  other  hand,  if  critical  testing  temperatures  are  below 
minus  70° F.,  some  provisions  must  be  made. 

It  would  be  of  great  advantage  to  the  industries  if  some  standards 
for  low-temperature  testing  were  established  and  published. 

Comment  is  also  offered  on  K  values  given  for  insulating  materials. 
This  value  is  not  too  significant  since  experience  has  shown  that  the 
over-all  heat  transfer  coefficient  of  the  room  or  “Ua”  is  never  below 
.30  btu/sq.  ft./°/hr.  This  results  from  penetration  through  the  walls, 
and  for  pipes,  doors,  etc.  This  figure  has  been  substantiated  in  a  paper 
by  Pownall  and  Soling  in  the  Jouvyicil  of  the  A.S.R.E.  Here,  of  course, 
another  savings  can  be  made  since  the  insulation  materials  with  lower 
“K”  values  are  the  more  expensive. 

A  further  service  could  be  rendered  to  future  designers  of  low- 
temperature  chambers  if  design  calculations  together  with  measured 
performance  figures  were  published  by  those  who  have  had  the  ex¬ 
perience. 

The  literature  is  also  devoid  of  information  concerning  the  behavior 
of  physical  test  equipment  at  these  low  temperatures.  Certainly,, 
extensive  testing  is  and  has  been  done.  However,  even  manufacturers 
of  test  equipment  lack  information  as  to  the  action  of  testing  mac  ines 

at  temperature  extremes. 

There  is,  apparently,  a  great  amount  of  work  remaining  to  be  done 
in  the  engineering  of  low-temperature  chambers  and  test  equipment. 
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III.  Effect  of  Low  Temperatures  on  Containers 

CHAIRMAN  MYERS: 

The  next  paper  in  Technical  Session  No.  1  is  entitled  „  roperJ|Yj 
joi  Wood  and  Wooden  Containers  at  Low  Temperatures  and 
be  presented  by  Mr.  Kenneth  Boiler  of  the  Forest  Products  Lab¬ 
oratory,  USDA,  Madison,  Wisconsin.  . 

Mr.  Boiler  is  a  mechanical  engineering  graduate  of  the  university 
of  Wisconsin,  and  has  been  at  Forest  Products  Laboratory  for  11 
years,  engaged  in  testing  of  wood,  wood-base  products,  sandwich 
constructions,  and  plastics,  and  we  feel  he  is  very  well  qualified  to 
discuss  the  properties  of  wood  at  low  temperatures. 


Strength  of  Wood  at  Loiv  Temperatures 


KENNETH  H.  BOLLER : 

In  this  day  of  world-wide  trade  and  military  activity,  the  research 
laboratories  of  the  nation  must  supply  information  on  strength  and 
durability  of  packages  and  containers  so  that  those  packages  and  con¬ 
tainers  may  be  safely  subjected  to  all  the  climates  on  the  globe.  We 
can  no  longer  be  satisfied  with  tests  at  normal  room  temperature ;  we 
must  evaluate  materials  at  extreme  temperatures  to  insure  their  ef¬ 
fectiveness  under  all  conditions. 


There  are  factors  other  than  temperature  that  affect  the  strength 
and  use  of  wood  and  wood-base  materials ;  so  to  prevent  a  misinterpre¬ 
tation  of  the  effect  of  temperature  alone  a  few  of  these  other  factors 
should  be  considered  first. 


Wood  is  orthotropic.  It  has  3  principal  axes — longitudinal,  radial, 
and  tangential — and  the  physical  and  mechanical  properties  are  dif¬ 
ferent  in  each  direction.  For  example,  the  compressive  strength  in 
the  longitudinal  direction  is  nearly  10  times  that  in  either  the  radial 
or  tangential  directions.  Mechanical  tests  to  determine  basic  strength 
properties  of  wood  are  usually  conducted  on  straight-grain,  clear 
material.  Tests  to  determine  the  effect  of  knots,  checks,  shakes,  or 
other  imperfections  are  made  separately.  Imperfections  reduce  the 
strength  of  wood. 


The  strength  of  wood  is  proportional  to  its  density.  Lightweight 

species  like  balsa,  for  example,  are  weak  compared  with  dense  species 
like  hickory  and  oak. 


Strength  properties  depend  upon  the  rate  and  duration  of  loading 
The  change  in  strength  is  not  great  for  small  changes  in  rate  of  loading 
m  the  range  of  normal  laboratory  static  testing,  but  the  strength  of 

^  Tfg4PoClmen!i  l0ad  duration  of  one  second  is  110%  of 

that  at  300  seconds,  the  duration  of  a  standard  test.  Strength  de¬ 
creases  with  increases  in  duration  of  load,  so  that  the  strength  after 
one-year  duration  is  about  65  %  of  that  at  300  seconds. 
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Next,  the  relationship  of  the  strength  of  wood  to  its  moisture  con¬ 
tent  is  very  important,  not  only  in  solid,  laminated,  or  plywood,  but 
also  in  wood  products — paper,  fiberboards,  and  building  boards.  It  is 
well  known  that  the  strength  of  these  materials  decreases  as  moisture 
content  increases,  so  when  the  effect  of  some  variable  other  than 
moisture  is  being  determined,  the  moisture  content  must  be  controlled 
or  taken  into  account.  A  physical  property  sometimes  forgotten  but 
nevertheless  closely  associated  with  moisture  content  is  shrinkage.  As 
the  moisture  content  changes,  fibrous  materials  shrink  and  swell,  set¬ 
ting  up  appreciable  stresses. 

Results  of  Low-Temperature  Tests  on  Various  Types  of  Wood 

The  main  purpose  of  this  paper  is  to  present  information  on  the 
effect  of  temperature  on  the  strength  of  wood  and  wood  containers. 
There  are  not  extensive  test  data  available  on  this  subject.  Experi¬ 
ments  as  much  as  25  years  ago  gave  data  on  the  strength  of  wood  at 
room  temperature  after  it  had  been  heated  to  high  temperatures. 
These  data  were  of  great  importance  in  establishing  kiln-drying 
schedules  for  lumber. 

More  recently,  J.  D.  MacLean  of  the  Laboratory  staff  conducted 
experiments  on  the  permanent  loss  in  strength  that  accompanies  long 
exposure  of  wood  to  high  temperatures.  Present  investigations  at  the 
Laboratory  are  also  aimed  at  the  effect  of  abnormal  temperatures  on 
strength  properties. 

In  the  late  ’30’s,  Franz  Kollman  of  Germany  conducted  a  compre¬ 
hensive  series  of  tests  on  the  mechanical  properties  of  wood  of  various 
densities  at  various  moisture  contents  from  minus  328°F.  to  plus 
350°F.  ( 1 ).  He  found  that  the  strength  of  wood  decreased  with  in¬ 
creases  in  temperature,  which  he  said  was  “in  conformity  with  a  gen¬ 
eral  law  of  temperature  governing  the  mechanical  behavior  of  bodies. 
As  the  temperature  rises,  the  resistance  to  form  changes  of  every 
solid  or  liquid  substance— constant  in  structure  and  composition- 

decreases.” 


FIGURE  1 

Compressive  strength  of  beech  parallel 
to  grain  (adapted  from  Kollman). 
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FIGURE  2 

Limiting  curve  between  strength  and 
crystal  phase  of  water  (adapted 
from  Kollman) . 


Kollman  found  that  the  compressive  strength  of  beech,  parallel  to 
grain,  was  greater  at  low  temperatures  than  at  high  temperatures 
(Figure  1).  On  this  curve,  where  strength  is  plotted  against  moisture 
content  at  2  temperatures,  it  may  be  seen  that  at  room  temperature 
(68°F.)  the  strength  drops  with  increases  in  moisture  content  up  to 
the  fiber  saturation  point  and  then  remains  constant.  This  is  a  typical 
strength-moisture  relationship  curve  for  normal  temperature  condi¬ 
tions.  At  the  subnormal  temperature  of  minus  44°F.,  however,  the 
curve  obtained  by  Kollman  does  not  follow  this  typical  pattern.  The 
cold  strength  is  greater  than  the  room-temperature  strength,  but  the 
ratio  of  cold  strength  to  room-temperature  strength  increases  as  the 
moisture  content  increases,  with  a  limit  at  82%  moisture  content. 
Kollman  explains  this  phenomenon  by  comparing  it  to  the  strength  of 
a  rubber  hose  with  ice  forming  on  its  inner  wall.  As  more  ice  is  formed 
the  strength  increases  up  to  a  certain  point,  then  the  pressure  on  the 
ice  causes  it  to  melt.  The  hose  or  the  cell  walls  then  support  the  load 
until  the  ice  becomes  thicker  or  the  cell  wall  becomes  deformed.  The 
water-ice  regions  on  a  pressure-temperature  curve  are  shown  in  Fig¬ 
ure  2.  This  figure  shows  the  limiting  curve  between  strength  and 
crystal  phase  of  water ;  as  pressure  increases,  the  melting  temperature 
decreases.  From  these  relationships  it  appears  that  there  would  be  a 
family  of  curves  on  the  strength-moisture  coordinates  (Figure  1),  one 
for  each  temperature. 


FIGURE  3 

Effect  of  temperature  on  compressive 
strength  parallel  to  grain  of  4  species 
of  oven-dry  wood  (adapted  from 
Kollman). 
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FIGURE  4 

Forest  Products  Laboratory  test  cham¬ 
ber  for  making  mechanical  tests  at: 
minus  300° F. 


Kollman  also  evaluated  the  compression  strength,  parallel  to  grain, 
of  4  materials  of  different  densities  at  temperatures  from  minus 
328 °F.  to  plus  350° F.  Balsa,  spruce,  beech,  and  laminated  beech  were 
tested  oven-dry.  The  results  of  these  tests  (Figure  3)  show  that  the 
strength  decreased  with  increases  in  temperatures  as  a  straight  line 
function  to  about  275°F.  Above  this  temperature  the  strength  de¬ 
creased  faster  with  increases  in  temperature.  This  fact  is  related  to 
the  creep  rate,  which  increases  with  increases  in  temperature.  These 
tests  also  show  that  the  more  dense  the  material,  the  faster  its  strength 
decreases  with  increases  in  temperature. 

Tests  on  the  effects  of  low  temperature  have  been  carried  on  at  the 
Forest  Products  Laboratory  to  evaluate  strengths  in  compression 
perpendicular  to  grain,  tension,  shear,  bending,  toughness,  and  nail 
pull.  Some  strengths  were  evaluated  at  minus  70°F.  and  some  at 
minus  300°F.  Strength  studies  at  minus  300°F.  were  made  in  well- 
insulated  cabinets  cooled  by  liquid  air  (Figure  4).  The  test  chamber 
is  a  double-walled  stainless  steel  tank  within  an  insulated  plywood: 
box.  The  refrigerant,  liquid  air,  was  forced  out  of  a  Dewar  flask  into 
the  space  between  the  double  walls  of  the  tank. 

The  rate  at  which  a  specimen  can  be  cooled  depends  upon  the  rela¬ 
tive  mass  of  the  specimen,  the  test  chamber,  and  the  coolant.  With; 


FIGURE  5 

Time  required  to  cool  a  piece  of  Doug¬ 
las  fir,  1-  by  1-inch  in  cross-section. 
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FIGURE  6 

Support  and  loading  head  for  making 
a  compression  test  perpendicular  to 
grain  at  minus  300°  F. 


this  apparatus  a  1-  by  1-  by  4-inch  piece  of  Douglas  fir  was  cooled 
from  room  temperature  to  minus  300  °F.  in  about  12  minutes.  The 
temperature-time  curve  is  shown  in  Figure  5. 

Balsa,  Douglas  fir,  and  Sitka  spruce  were  tested  in  compression 
perpendicular  to  grain,  bending,  and  toughness  at  about  9%  moisture 
content  at  room  temperature  and  at  minus  300  °F.  The  compression 
tests  were  made  on  1-  by  1-  by  4-inch  specimens.  The  support  and  load¬ 
ing  head  is  shown  in  Figure  6.  The  apparatus  for  holding  the  speci¬ 
mens  fits  snugly  in  the  stainless  steel  test  tank.  The  compression 
area  under  the  loading  head  is  1  by  2  inches.  Deformation  data  were 
obtained  between  heads  by  a  dial  located  outside  the  cold  chamber. 
The  results  of  these  compression  tests  were  plotted  as  stress  at  propor¬ 
tional  limit  against  temperature  (Figure  7).  Since  a  maximum  load 


FIGURE  7 

Effect  of  temperature  on  compressive 
strength  of  3  species  (perpendicular 
to  grain  and  9%  moisture  content). 
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FIGURE  8 

Apparatus  for  obtaining  deflection 
data  in  the  bending  test  at  minus 
300°  F. 


is  not  obtained  in  this  kind  of  a  test,  the  comparison  of  strengths  is 
based  on  the  proportional  limit  stress.  The  results  show  that  the  stress 
at  minus  300°  F.  is  2*4  to  3  ¥2  times  that  at  room  temperature. 

Bending  tests  on  ¥2-  by  ¥2-  by  9-inch  test  specimens  were  made  over 
a  7-inch  span  (Figure  8).  Figure  9  shows  2  strength  properties 
(modulus  of  rupture  and  modulus  of  elasticity)  for  each  species  with 
respect  to  temperature,  and  in  each  instance  there  is  the  same  char¬ 
acteristic  increase  in  strength  with  decreases  in  temperature.  The 
ratio  of  cold  strength  to  room-temperature  strength  ranges  from 


l%to2%.  i 

Toughness  tests  were  conducted  on  the  same  3  species  on  specimens 
¥4)  by  14  by  4 ¥2  inches,  as  shown  in  Figures  10  and  11.  The  toughness 


<0 

9- 


K 


FIGURE  9 

Effect  of  temperature  on  flexure  prop¬ 
erties  of  3  species  of  wood  at  9% 
moisture  content. 
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FIGURE  10. 

Cold  box  and  toughness  machine  arrangement  for  making  tests  at  minus  300°  F. 


p,  , ,  ,  _  FIGURE  11. 

Cold  chamber  and  loading  head  of  toughness  machine  for  making  tests  at  minus 

300  F. 
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FIGURE  12 

Toughness  in  flexure  test  of  3  species 
at  9%  moisture  content. 
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machine  was  located  outside  the  cold  chamber  and  was  connected  to 
the  specimen  by  means  of  a  long  steel  rod.  The  energy  required  to 
break  the  specimens  at  room  and  cold  temperatures  as  recorded  on 
the  test  machine  cannot  be  used  for  design  purposes,  but  can  be  used 
to  compare  species  or  temperature  relations.  The  ratio  of  the  tough¬ 
ness  at  the  cold  temperatures  to  that  of  room  temperatures  was  found 
to  be  1  Vi  to  2*4  (Figure  12) .  Here  again  there  is  an  increase  in  tough¬ 
ness  with  a  decrease  in  temperature  at  9%  moisture  content. 

The  problem  remains :  How  do  packages  and  wooden  crates  perform 
at  low  temperatures  (Figure  13)  ?  It  has  been  shown  that  the  strength 
properties  increase  with  decreasing  temperature,  yet  there  are  re¬ 
peated  reports  that  wood  products  are  more  brittle  and  weaker  at  low 
temperatures. 


FIGURE  13.  Sub-zero  storage  of  packages  and  wooden  crates 
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FIGURE  14 

Modulus  of  elasticity  of  plywood  speci¬ 
mens  (adapted  from  Kollman). 
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The  tests  at  the  Forest  Products  Laboratory  showed  that  there  was 
an  increase  in  modulus  of  elasticity  with  decrease  in  temperature. 
However,  there  was  no  tendency  for  the  low-temperature  specimen  to 
snap,  the  failure  appeared  the  same,  and  the  strength  was  greater  at 
the  low  temperature  than  at  room  temperature.  These  tests  were  at 
9%  moisture  content.  Kollman’s  tests,  on  the  other  hand,  were  at 
moisture  contents  ranging  from  oven-dry  to  saturated.  His  data  also 
show  that  for  decreases  in  temperature  the  strength  and  modulus  of 
elasticity  increase,  provided  the  moisture  content  remains  constant 
(Figure  14).  However,  he  observed  some  brittleness  at  the  high- 
moisture  contents  and  low  temperature.  Apparently  low  temperatures 
alone  do  not  cause  wood  to  be  brittle,  but  low  temperatures  combined 
with  high-moisture  contents. 

Since  packages  and  crates  are  fabricated  with  nails,  glue,  and 
metal  straps,  some  additional  investigations  at  the  Forest  Products 
Laboratory  may  be  summarized  to  show  the  probable  effect  of  low 
temperatures  on  wood  crates.  Tensile  tests  on  a  glue  joint  between 
2  pieces  of  balsa  (Figure  15)  using  a  resorcinol  glue  showed  that  the 
glue  was  always  stronger  than  the  balsa.  Even  though  the  failures 
were  always  in  the  balsa,  the  tensile  strength  of  the  combination,  glue 
plus  wood,  at  minus  300  °F.  was  between  63%  and  97%  of  the  strength 
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FIGURE  16 

Clamp  for  supporting  shear  specimen 
in  Izod  machine  for  impact  tests  at 
minus  70°  F. 


at  room  temperature ;  that  is,  the  strength  of  the  wood  decreased  with 
decreases  in  temperature,  which  is  the  reverse  of  previous  experience. 

In  a  series  of  tests  to  evaluate  the  impact  shear  strength  of  several 
types  of  glue  between  maple  and  hickory  blocks  (Figure  16),  it  was 
found  that  the  energy  to  break  this  combination  at  minus  70°F.  was 
between  30%  and  50%  of  that  at  room  temperature. 

Another  example  of  the  effect  of  glue  at  low  temperatures  is  the 
toughness  data  on  beech  plywood  gathered  by  Kollman.  His  results 
showed  no  change  in  toughness  with  changes  in  temperature,  nor  did 


FIGURE  17.  Cold  chamber  for  making  nail-pull  tests  at  minus  70°  F 
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FIGURE  18 

Values  for  coefficient  of  thermal  ex¬ 
pansion  of  several  materials. 


data  obtained  on  plywood  at  minus  70°F.  at  the  Forest  Products 
Laboratory. 

Nails  are  the  most  common  means  of  fastening,  so  what  is  the  effect 
of  subnormal  temperatures  on  a  nail  joint?  Nail  withdrawal  tests 
were  conducted  on  2-  by  2-  by  8-inch  white  pine  and  southern  yellow 
pine,  and  1-  by  2-  by  7-inch  sweetgum  with  sevenpenny  (0.098-inch 
diameter)  cement-coated  sinker  nails  driven  to  a  depth  of  1.1/4  inches. 


The  results  showed  that  the  resistance  of  wood  to  withdrawal  of  nails 
at  minus  70 °F.  was  10%  greater  than  that  at  room  temperature 
(Figure  17) .  However,  when  the  specimens  were  subjected  to  one  cycle 
of  freezing  and  thawing,  the  room  temperature  resistance  to  with¬ 
drawal  was  down  10%. 

Figure  18  shows  a  comparison  of  the  values  of  the  coefficient  of 
thermal  expansion  for  several  materials.  Note  that  there  is  consider¬ 
able  difference  between  the  values  of  wood  in  the  longitudinal  and 
radial  directions,  and  that  value  for  iron  is  between  these  two.  It  is 
not  surprising  that  there  is  some  reduction  in  strength  during  a 
freezing  and  thawing  cycle.  In  addition,  shrinking  and  swelling  caused 
by  moisture  changes  might  tend  to  loosen  fastenings,  such  as  nails 
and  strappings,  because  the  holding  characteristic  of  the  wood  around 
the  metal  would  be  weakened.  However,  the  cold  temperatures  have 
a  strengthening  effect  on  solid  wood  alone,  so  the  net  result  is  that 
the  resistance  of  wood  to  withdrawal  of  nails  at  cold  temperatures  is 
about  the  same  as  at  room  temperatures. 

Tests  and  observations  of  wood  and  wooden  crates  in  the  arctic 
regions  confirm  the  laboratory  tests  of  the  wooden  components. 
Atmospheric  conditions  in  the  Arctic  did  not  cause  abnormal  losses 
in  strength  of  wood  or  serviceability  of  wood  containers.  Drop  tests 
of  containers  at  room  and  subnormal  temperatures  showed  about  the 
same  amount  of  damage  at  each  temperature.  The  force  required 
to  remove  the  nails  was  the  same  at  each  temperature.  The  strength 
of  boards  was  about  the  same  at  each  temperature;  however  there 
appeared  to  be  sharper  breaks  with  less  splintering  at  temperatures 

s::;,:rs"s  » m"“*”  -  * 
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In  summary,  then,  wood  is  generally  stronger  at  lower  tempera¬ 
tures  from  lVi  to  3^4  times  as  strong,  depending  upon  the  strength 
property  involved.  This  conforms  to  the  general  law  that  as  the 
tempeiature  goes  down,  the  resistance  to  form  changes  of  solid  or 
liquid  substances  increases. 

In  practical  applications  of  wood  and  wood  products  many  other 
factors  such  as  moisture  content,  imperfections,  and  fastenings,  must 
be  considered  along  with  the  effect  of  temperature.  The  net  result  in 
most  cases  is  that  the  product  does  not  lose  strength  as  a  result  of 
subnormal  temperatures. 
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Discussion 


CHAIRMAN  MYERS: 

The  discussion  leader  for  this  paper  is  Professor  S.  B.  Preston  of 
the  School  of  Natural  Resources,  University  of  Michigan.  Professor 
Preston. 


S.  B.  PRESTON: 


I  realize  that  many  of  you  in  the  packaging  field  will  have  questions 
which  relate  to  the  importance  of  this  work  to  packaging,  rather  than 
to  just  the  basic  properties  of  wood. 

I  thought  that  one  of  the  significant  parts  of  this  paper  was  the 
summary  of  Dr.  Kollman’s  work — in  particular,  the  relationship  be¬ 
tween  strength  and  moisture  content  at  the  different  temperatures. 

I  couldn't  help  but  wonder— if  the  temperatures  were  lowered  even 
beyond  those  of  Kollman's  study,  would  we  find  even  greater  differ¬ 
ences  in  the  curves  relating  strength  to  moisture  content  than  were 


shown  in  this  work?  .  ,  ,,  ,  ,, 

The  curves  shown  in  Figure  1  by  Mr.  Boiler  indicated  that  there 

was  less  influence  of  moisture  content  on  strength  at  low  temperatures 
than  at  normal  temperatures.  Further,  it  indicated  that  there  was  a 
smaller  change  in  strength  between  the  saturated  condition  and  the 
oven-dried  condition  at  low  temperature  than  at  high  temperature. 
I  wondered — if  the  temperature  were  decreased  even  further,  would 

that  difference  entirely  disappear? 

One  of  the  things  that  interested  me,  also,  was  the  apparent  dif¬ 
ference  in  influence  of  low  temperature  on  the  strength  of  wood  of 
different  species.  Furthermore,  there  seemed  to  be  some  relationship 
between  the  density  and  the  influence  of  temperature. 
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For  example  in  all  of  his  curves  except  for  bending  strength,  you 
probably  nXed  that  the  Douglas  fir  was  apparently  improved  to  a 
f  greater  degree  with  decreasing  temperature  than  was  the  less  dense 

^Iwas  also  very  much  interested  in  seeing  the  influence  of _  the  glue 
in  the  composite  material  on  the  mechanical  properties  of  the  wood 
tested  at  low  temperature.  This  would  certainly  suggest  that  the 
behavior  of  the  glued  product  is  very  different  from  that  of  solid  wood 
under  these  conditions.  Mr.  Boiler  has  indicated  that  in  the  cross- 
lapped  tensile  specimen,  the  strength  reduction  might  be  due  to  stress 
concentrations  because  of  the  coefficient  of  thermal  expansion  of  the 
wood.  I  wondered  if  the  strength  might  also  be  reduced  by  a  difference 
in  coefficient  of  thermal  expansion  of  the  adhesive  and  the  wood, 


setting  up  stress  concentrations. 

I  am  sure  you  were  impressed  by  the  difference  in  the  coefficient  of 
thermal  expansion  in  a  longitudinal  direction  and  in  a  tangential  or 
radial  direction  in  wood.  It  was  very  enlightening  to  see  what  tre¬ 
mendous  stresses  could  be  set  up  in  joints,  particularly  in  wood,  when 
the  temperature  was  changed  from  room  temperature  conditions  to 
minus  70°  F. 

According  to  my  figures,  if  you  were  to  nail  or  glue  a  joint  at  room 
temperature  and  then  reduce  that  temperature  to  minus  70°  F.,  the 
magnitude  of  change  in  tangential  dimension  in  the  wood — and,  con¬ 
sequently,  the  stresses  that  would  be  set  up — would  be  approximately 
equivalent  to  that  resulting  from  a  change  in  moisture  content  at 
room  temperature  from  20%  to  about  8%.  That  is  a  very  wide  range 
of  moisture  change. 

I  think  it  is  not  surprising,  then,  that  the  behavior  of  a  container 
does  not  parallel  the  behavior  of  the  wood  under  low  temperature. 

I  would  like  now  to  invite  questions  from  the  floor. 


JAMES  d’A  CLARK  (Longview,  Wash.)  : 


One  phase  of  this  work  distresses  me  a  bit.  That  is  use  of  the  word, 
“strength,”  indiscriminately.  Also,  I  am  thoroughly  confused  over 
the  definition  of  “brittleness.” 

I  believe  that  in  the  other  arts  we  have  gone  far  enough  so  we  don’t 
have  to  talk  about  “strength”  when  we  mean  compressive  strength  or 
loading  or  tensile  strength.  Nor  do  we  say  “brittleness”  when  we  mean 
toughness  as  defined  by  the  area  under  the  compressive  elongation 
curve  or  the  tensile  elongation  curve. 


It  was  brought  out  that  in  compressive  loading  in  the  cold,  appar¬ 
ently  the  wood  gets  stronger,”  but  when  we  have  a  cross-glued  joint 
the  wood  becomes  “weaker”  when  chilled. 

Now,  obviously,  at  least  to  me,  at  any  rate,  the  confusion  arises 
because  of  this  question  of  the  definition  of  “strength.” 

When  you  test  cross  joints  like  this,  you  are  bringing  in  the  2  factors 
that  constitute  toughness— elasticity  and  tensile  strength.  When 
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you  chill  the  specimen,  because  of  the  consequent  decreased  elongation, 
you  are  localizing  your  applied  load  on  a  more  restricted  part  of  the 
wood  and  the  specimen  fails  quicker.  On  the  other  hand,  when  it  is 
warmer,  the  wood  has  more  elongation,  and,  consequently,  your  load 
is  applied  over  a  greater  area.  So  I  feel  that  we  are  just  at  the  be¬ 
ginning  of  this  very  interesting  and  important  investigation  into  the 
nature  of  the  physical  behavior  of  wood  at  low  temperatures. 

I  hope  the  very  able  technique  you  have  illustrated  today  can  be 
extended  to  the  determination  of  these  fundamental  qualities  in 
terms  of  elongation  as  well  as  tensile  and  compressive  loads  in  the 
future. 


A.  DONALDSON  (Minn.  Mining  and  Manufacturing  Co.)  : 

Apparently,  if  I  understood  the  remarks  correctly,  some  of  the 
disadvantages  in  the  use  of  wood  in  crates  is  due  to  the  natural 
configuration  of  the  wood,  the  various  cellulose  fibers  and  lignin,  etc. 
Have  you  conducted  any  surveys  or  tests  to  show  what  the  perform¬ 
ance  of  composition  products,  such  as  Masonite,  might  be  in  com¬ 
parison  with  wood?  Those  products,  of  course,  do  not  have  a  lineal 
alignment  of  wood  cells. 


BOLLER : 

No,  we  do  not  have  any  data  on  pressed,  chipped,  or  ground  wood, 
but  in  plastic  studies  where  densified  wood  was  used,  the  compressed 
wood  did  not  change  as  much  with  moisture  changes,  and  in  subnormal 
temperature  tests  the  strength  increased  also. 

Your  point  is  a  good  one.  Wood  has  imperfections  with  which  we 
have  to  live.  If  we  can  chop  it  up  and  repress  it  with  resins  and  glues, 
fine.  I  am  sure  it  will  have  an  increase  in  strength  due  to  subnormal 
temperatures,  and  it  will  carry  an  increase  in  load. 


A.  R.  TEGGE  (Quartermaster  Food  and  Container  Institute)  : 

One  additional  investigation  not  mentioned  in  Mr.  Boiler’s  paper  is 
of  importance  to  this  subject;  that  is  the  work  done  by  the  Forest 
Products  Laboratory  in  Australia  and  reported  by  Mr.  P.  H.  Sulz¬ 
berger  (The  Effect  of  Temperature  on  the  Strength  Properties  of 
Wood,  Plywood  and  Glued  Joints  at  Various  Moisture  Conditions, 
Commonwealth  of  Australia,  Council  for  Scientific  and  Industrial 
Research,  Division  of  Forest  Products).  The  report  is  very  extensive 
and  very  detailed,  if  anyone  needs  an  additional  source  of  information 

“"The8 resuttfof  the  work  at  3  locations  are  in  very  good  agreement^ 
that  of  the  Forest  Products  Laboratory  in  Madison,  that  by  Dr.  I-  ranz 
Kollman  in  Germany,  and  that  of  the  Australian  Forest  Products 
Laboratory.  All  of  these  investigations  related  to  the  stren^ 
erties  of  wood  material  at  various  temperatures  and  not  specifically  to 

containers. 


78 


All  3  investigations  showed  that  frozen  wood  is  remarkably  1- 
proved  in  regard  to  static  strength  properties.  At  higher  moisture 
contents  (15%  or  more)  some  loss  in  impact  strength  of  frozen  wood 
is  indicated.  With  reference  to  performance  of  wood  containers  at 
low  temperatures,  there  has  been  very  little  information  published  to 
date  Partly  for  that  reason,  the  Quartermaster  Container  Labora¬ 
tories  contracted  for  drop  tests  of  wood  containers  to  be  done  by  a 
private  laboratory.  Only  yesterday,  I  received  the  initial  results  of 
the  tests  performed  at  low  temperature;  specifically,  minus  40  t 
The  containers  tested  were  the  nailed  wood  type,  including.  Style 
boxes,  cleated  plywood  containers,  and  wirebound  wood  containers. 

Without  going  into  further  detail,  suffice  it  to  say  that  there  were 
several  test  combinations  including  4  types  of  loads.  The  results 
of  the  corner  drop  tests  indicated  that  the  containers  would  withstand 
fewer  drops  at  minus  40°  F.  than  at  room  temperature.  The  con¬ 
tainers  were  similar  in  each  group. 


The  number  of  drops  to  failure  sustained  at  minus  40°  F.  ranged 
from  5%  to  50%  less  than  the  number  of  drops  to  failure  sustained 
by  similar  containers  at  room  temperature.  The  average  was  about 
30%;  that  is,  about  30%  fewer  drops  at  minus  40°  F.  as  compared 
with  the  total  drop  count  for  similar  containers  at  room  temperature. 


PRESTON: 

That  would  certainly  emphasize  the  statement  made  by  Mr.  Boiler 
that,  because  of  the  many  combinations  of  factors  that  enter  into  the 
i  stressing  in  a  container,  just  the  strength  of  the  wood  alone  cannot 
be  considered. 

Mr.  Boiler  indicated  early  in  his  paper  that  the  rate  of  creep  was 
increased  as  temperature  was  increased,  or  that  the  rate  of  creep  was 
decreased  with  decreases  in  temperature. 

From  that  could  I  infer  that  the  long-time  loading  of  wood  at  low 
temperatures  could  be  greater?  Or  perhaps  I  should  say  that  the  load 
that  could  be  carried  at  low  temperatures  would  be  greater  over  a 
long-time  period  than  at  high  temperatures? 

BOLLER : 

I  would  assume  that. 


PRESTON: 

I  think  that  is  a  very  interesting  and  significant  point. 


J.  W.  GOFF  (Michigan  State  College)  : 

Is  it  not  true  that  wood  takes  on  moisture  at  a  much  less  rapid  rate 

minus°80o  F1^/ :ure?  And  if  ^  were  saturated  with  moisture  at 
nus  80  F.,  is  it  not  true  that  the  moisture  content  of  wood  would 
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increase  very  slowly,  if  at  all?  Shipped  into  a  cold  area  dry,  wouldn’t  it 
be  a  long  time  before  it  ever  reached  a  high  moisture  content  and 
became  brittle? 

BOLLER : 

Yes,  I  think  your  statements  are  correct.  I  do  not  know  the  rate  at 
which  wood  absorbs  or  gives  off  moisture  at  subnormal  temperatures, 
but  it  seems  that  the  wood  should  take  on  moisture  at  lower  tempera¬ 
tures  at  a  much  slower  rate. 

PRESTON: 

I  think  this  contribution  of  Mr.  Boiler’s  is  extremely  significant, 
not  only  to  the  packaging  engineer  but  to  the  wood  technologist,  be¬ 
cause  it  does  bring  out  many  little  known  basic  aspects  of  wood. 

CHAIRMAN  MYERS: 

Our  next  speaker,  Dr.  L.  E.  Simerl,  represents  the  Olin  Cellophane 
Division  of  Olin  Industries. 


Water  Vapor  Permeability  of  Sheet  Materials 

L.  E.  SIMERL: 

The  requirement  for  a  standardized  water  vapor  permeability  pro¬ 
cedure  at  low  temperatures  has  existed  since  the  coming  of  age  of 
the  frozen  food  industry,  or  roughly  for  the  past  15  years.  It  has 
been  in  this  period  that  the  full  significance  of  water  loss  from  pack¬ 
aged  food,  particularly  meat,  fish,  and  fowl,  has  been  realized.  The 
loss  of  quality  on  long-term  freezing  storage  is  primarily  due  to  loss 
of  water  from  the  surface  tissue,  with  resulting  loss  of  texture  and 
flavor.  The  desiccated  appearance  “freezer  burn”  is  undesirable,  and 
there  is  reason  to  believe  that  desiccation  promotes  rancidity  by  open¬ 
ing  up  fat  to  oxygen. 

The  rancidity  problem,  however,  is  not  generally  affected  by  the 
packaging  material  or  by  the  water  vapor  permeability.  The  con¬ 
census  is  that  those  meats  subject  to  rancidity,  such  as  pork,  salmon 
and  swordfish  steaks,  ducks  and  turkeys,  will  turn  rancid  at  0°  F. 
storage  in  spite  of  any  known  flexible  packaging  technique. 

The  water  vapor  transmission  of  frozen  food  packaging  materials 
is  of  secondary  importance  for  most  frozen  fruits  and  vegetables. 
Dehydration  or  freezing  desiccation  does  not  affect  taste  and  texture 
on  such  foodstuffs  as  peas,  corn,  spinach,  broccoli,  and  fruits.  Ihe 
primary  objective  of  highly  protective  packaging  on  these  items  is 
to  maintain  stated  net  weight  and  therefore  conform  to  the  weights 

and  measures  laws.  , 

From  the  military  standpoint,  water  vapor  protection  at  very  low 

temperatures  for  extended  storage  periods  (in  extreme  cases  severa 
vears)  is  obviously  important.  The  maintenance  of  moisture  content 
at  very  low  constant  temperatures  is  relatively  easy  with  known 
nackaging  materials.  The  fluctuations  in  storage  temperature,  intro¬ 
duced  by  weather,  handling,  defrosting  cycles,  and  airplane  transport, 
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are  more  damaging  than  constant  low  temperature,  and  require  a 
greater  factor  of  safety  in  protective  packaging.  Since  these  wide 
fluctuations  in  temperature  cannot  be  eliminated  (ranging  from 
minus  60°  F.  to  plus  50°  F.),  highly  protective  films  are  necessary, 
and  the  water  vapor  permeability  characteristics  should  be  known  over 
a  range  of  temperature.  Previous  work  has  established  standard 
methods  at  75°  F.  and  100°  F.,  with  controlled  humidity  (Tappi  464, 
465,  448 ;  ASTM  and  Armed  Forces  specifications  same  subject) . 

In  1946,  the  Packaging  Institute  published  a  proposed  procedure  for 
water  vapor  permeability  at  0°  F.,  written  by  Charles  Southwick, 
technical  editor  of  Modern  Packaging  and  designer  of  the  General 
Foods  Cabinet  for  100°  F.,  90%  relative  humidity  water  vapor  perme¬ 
ability  test.  This  procedure  (at  0°  F.)  was  evaluated  by  the  Packaging 
Materials  Testing  Committee  of  Tappi  during  the  period  February 
1950  to  December  1952  for  acceptance  as  a  standard  method  by  Tappi. 
In  1951,  the  Committee  was  made  responsible  to  both  Tappi  and  the 
Packaging  Institute,  reflecting  the  interest  of  both  organizations  in 
development  of  standard  methods. 

Development  of  Test  Method 

A  series  of  5  round  robin  tests  were  completed  in  which  a  total  of 
11  laboratories  cooperated. 


Test  No.  1.  The  first  run  was  exploratory,  in  which  each  laboratory 
was  furnished  5  sheet  materials  and  asked  to  report  results  in 

TABLE  1 


Test  No.  1* 

Water  Vapor  Permeability  by  Packaging  Institute  Method 

G./Sq.  Meter/24  Hours 


Cooperating 

Laboratory 

Waxed  Paper 
2537  Opaque 

Pliofilm 

140  FM 

Cellophane 

300  MSAT-83 

Cello-Kraft 

Lamination 

Glassine- 

Glassine 

Lamination 

A 

2.23 

0.57 

0.37 

0.56 

0.60 

B 

1.5 

0.24 

0.07 

0.04 

0.01 

C 

2.56 

0.27 

— 

0.08 

0.04 

2.08 

0.54 

— 

— 

0.027 

D 

1.46 

0.27 

0.06 

.07 

0.014 

Average  (3) 

2.1 

o 

CO 

.07 

.06 

.02 

*  The  materials  were  chosen  to  cover  a  range  of  typical  commercial  construc¬ 
tions: 


a.  Homogeneous  film  (Pliofilm  140  F.F.) 

b.  Coated  cellulose  film  (MSAT-83  cellophane) 

c.  Paper,  waxed  (25  lb.  opaque  wet  waxed  to  37  lb.  with  130-32°F  M  P 
paraffin) 


d.  Lamination,  similar  sheets  (glassine  to  glassine  with  microcrystalline  wax) 

e.  Lamination,  dissimilar  sheets  (300  MAT-1  cellophane  to  bleached  kraft 
with  microcrystalline  wax) 

laboratories^  ^  enC0Urasing'  alth°uf'h  variation  was  found  between 
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g./sq.  meter/24  hours  determined  by  any  acceptable  method.  Four 
laboratories  chose  the  proposed  Packaging  Institute  Method  ( 2 )  and 
reported  as  shown  in  Table  1.  The  results  were  encouraging,  although 
wide  variation  was  found  between  laboratories. 

Test  No.  2.  It  was  agreed  that  the  second  test  was  to  be  made  on  the 
same  sheet  materials.  The  procedure  was  revised  slightly.  The  results 
again  varied  widely;  6  of  the  10  laboratories  reported  failures  in  the 
wax  seal.  The  wax  used  was  left  uncontrolled,  each  company  using 
a  favorite  formula. 

Test  No.  3.  Several  straight  waxes  and  wax  blends  were  made  up  and 
distributed  to  cooperating  laboratories.  These  included  microcrystal¬ 
line  wax  with  added  polyisobutylene,  ester  gum,  and  butyl  rubber. 
The  conclusion,  after  rough  handling  tests  at  0°  F.,  was  that  Quaker 
State  “Cream  Amo”  microcrystalline  wax  (M.  P.  130°  F.)  was  the 
best  sealing  material.  Adhesion  at  0°  F.  to  clean  aluminum  and  to  all 
of  the  film  surfaces  tested  was  excellent.  The  only  disadvantage  was 
tackiness  at  room  temperature. 

Test  No.  U.  The  procedure  was  revised  to  specify  Quaker  State  “Cream 
Amo”  wax,  and  new  sets  of  samples  were  sent  to  7  laboratories.  These 
new  sets  included  foil-kraft  wax  lamination  replacing  cellophane- 
kraft.  The  foil-kraft  wax  lamination  was  designed  to  serve  as  an 
impermeable  standard,  and  2  of  the  laboratories  reported  zero  trans¬ 
mission  (Table  2).  Five  laboratories  reported  both  flat  and  creased 
(Tappi  Standard  T465)  data.  This  part  of  the  experiment  was  de¬ 
signed  to  show  damage  resulting  from  rather  severe  creasing  at  room 
temperature. 


TABLE  2 
Test  No.  4 

Water  Vapor  Permeability  (G./Sq.  Meter/24  Hours  at  0°F.) 


Cooperating 

Laboratory 

Waxed  Paper 
2537  Opaque 

Pliofilm 
140  F.F. 

Cellophane 

300  MSAT-83 

Glassine- 

Glassine 

Lamination 

Foil-Kraft 

Lamination 

E 

F 

G 

B 

H 

I 

D 

Average 

G 

B 

H 

I 

D 

Average 

0.57 

.61 

1.30 

.28 

.22 

.74 

.50 

.60 

3.80 

2.42 

1.38 

2.28 

1.11 

2.20 

0.18 

.32 

.25 

.16 

.25 

.26 

.21 

.23 

.23 

.25 

.26 

.29 

.21 

.25 

Flat  Samples 
0.13 
.091 
.048 
.20 
.095 
.083 
.035 
.10 

Creased  Samples 

.17 

.24 

.18 

.16 

.15 

.18 

0.072 

.045 

.069 

.085 

.043 

.072 

.037 

.060 

.087 

.17 

.029 

.14 

.039 

.09 

0.080 

.006 

.002 

.020 

0 

.005 

0 

.02 

.004 

.030 

0 

.009 

0 

.01 
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TABLE  3 

Test  No.  5  o 

Water  Vapor  Permeability  (G./Sq.  Meter/24  Hours  at  0  F.) 


Cooperating 

Laboratory 

One  Side 
Waxed  Kraft 

1.5  mil 

Polyethylene 

Film 

Polyethylene 
Coated  Kraft 

Acetate-foil 

Lamination 

Flat  Samples 

E 

.08 

.038 

.056 

.009 

G 

.098 

.025 

.123 

0 

.047 

.013 

.124 

0 

B 

.09 

.01 

.19 

.01 

.20 

.01 

.16 

0 

H 

.18 

.38 

.10 

.02 

.13 

.39 

.09 

.01 

J 

.095 

.013 

.088 

0 

D 

.25 

.37 

.135 

.005 

Average  (6) 

.13 

.14 

.11 

.005 

Creased  Samples 

G 

1.69 

.014 

.122 

.064 

1.79 

.015 

.125 

.102 

B 

2.31 

.07 

.13 

0 

2.21 

.01 

.11 

0 

H 

1.40 

.36 

.10 

.40 

1.33 

.72 

.19 

.33 

J 

.85 

.013 

.083 

0 

D 

1.84 

.44 

.15 

.08 

Average  (5) 

1.6 

.21 

.12 

.10 

Results  of  the  first  k  tests.  All  laboratories  reported  favorably  on  the 
Quaker  State  “Cream  Amo”  wax  behavior.  All  laboratories  rated  the 
films  in  the  same  order,  with  minor  exceptions.  The  agreement  on 
pliofilm,  both  flat  and  creased,  was  excellent.  The  creased  values  on 
waxed  paper  varied  considerably,  but  this  was  expected.  One  final 
test  was  recommended,  with  4  new  films. 


Test  No.  5.  New  films  were  chosen  to  represent  a  wide  range  of 
commercial  frozen  food  packaging  materials.  The  one  side  waxed 
kraft,  or  common  locker  paper,  is  a  low-cost,  short-hold  meat  wrapper. 
Polyethylene  and  polyethylene-coated  paper  are  excellent  low-tempera¬ 
ture  water  vapor  barriers  with  good  flexibility  of  the  polyethylene 
to  about  minus  70"  C.  Heat  seals  are  permanent  welds.  The  acetate- 
foil  lamination  was  included  as  a  low  permeability  reference  point 
The.  average  permeability  value  of  0.005  g/mV24  hours  on  flat  sheet 
*s  ’/.I'  f1,'  -''  representative  of  the  error  in  the  test  procedure 

A1  laboratories  reported  favorably  on  the  mechanical  features  of 
the  above  test.  The  range  of  data  was  wider  than  expected  both  with 
a  single  operator  and  between  laboratories.  The  variation  in  creased 
samples  was  wide,  as  expected,  indicating  the  need  for  standard  fra 
tion.  Detailed  results  are  recorded  in  Table  3. 


83 


TABLE  4 

Water  Vapor  Permeability  of  Packaging  Materials  at  0°  F. 

G/Sq.  Meter/24  Hours 


Sample 

Breadwrapper,  opaque  waxed  2537 

Pliofilm,  140  F.F _ _ 

Locker  wrap,  one  side  waxed  kraft 

Polyethylene,  1.5  mil  . . . . 

Polyethylene  coated  kraft 
Cellophane,  MSAT-83 

Glassine-glassine  lamination  . . 

Foil-kraft  lamination  . . . . 

Foil-acetate  lamination  _ _ 


Flat 

Creased 

0.60 

2.20 

.23 

.25 

.13 

1.6 

.14 

.21 

.11 

.12 

.10 

.18 

.06 

.09 

.02 

.02 

.005 

.10 

As  a  result  of  these  tests,  the  procedure  was  revised  and  published 
as  Tappi  Tentative  Standard  Method  T482  (3).  The  work  was  done 
primarily  to  develop  a  test  method,  and  not  to  rate  packaging  mate¬ 
rials.  However,  a  secondary  benefit  was  obtained  and  the  data  are 
summarized  in  Table  4. 


Recommended  Approach  to  Problem  in  Water  Vapor  Permeability 


Definition  of  problem.  Determine  the  scope  and  severity  of  the  problem 
of  water  vapor  permeability  at  temperatures  of  minus  20°  F.  The 
permeability  through  flat  film  should  be  clearly  differentiated  from 
leakage  due  to  failure  of  film  caused  by  brittleness,  and  to  failure  ofi 
seals.  The  survey  should  cover  types  and  quantities  of  foods  and  other 
materials  to  be  held  in  very  low-temperature  conditions,  the  severity 
of  damage  and  economic  loss. 


Development  of  test  method.  If  a  problem  exists,  and  there  is  a  definite 
failure  of  present  low-temperature  packaging  materials,  then  test 
procedures  can  probably  be  developed  for  the  range  minus  20  F.  to 
minus  80°  F.  The  first  step  in  any  test  work  is  to  screen  the  likely 
packaging  materials  for  flexibility,  durability,  and  sealing  at  the 
storage  conditions,  including  resistance  to  rough  handling.  There  is 
no  point  in  working  with  mechanically  deficient  films. 

The  second  step  is  to  determine  the  water  vapor  permeability  and 
correlate  with  water  vapor  losses  from  actual  packaged  products. 


Commercial  practice.  The  best  method  is  to  package  the  actual  Product! 
under  consideration  by  the  usual  commercial  method  and  to  hold 
test  packages  under  cold  storage  for  the  maximum  length  of  time 
anticipated.  In  other  words,  subject  a  packaging  film  to  actual 
practice,  and  add  rough  handling  and  extra  time  for  safety  factor. 
Results  are  expressed  as  comparative  rating  of  test  films  against  a 
standard,  by  weight  losses,  visual  desiccation,  and  flavor  and  textur_ 
losses.  The  obvious  defect  of  this  procedure  is  that  results  are  difficult 
to  duplicate  between  laboratories— only  a  few  figures  are  obtaina 
against  many  opinions — and  the  time  is  too  long. 
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Standard  test  package.  Considerable  work  has 

temperatures  and  at  zero  and  below,  with  standardized  test  package. 
andPcontrolled  time.  For  example,  cellulose  sponges  are  cut  to  exact 
size,  a  standard  amount  of  water  added,  and  a  standard  package  is 
formed  over  the  sponge.  Inter-laboratory  checks  are  possible  y 
comparison  of  weight  losses  after  1-3  months  with  very  good  results 
For  locker  plant  and  home  freezer  work  one-half  pound  of  giou 
round  steak  in  a  tight  drug  store  wrap  (standard  in  the  locker  busi¬ 
ness)  may  be  held  at  0°  F.  for  3-9  months,  and  weight  loss  and 
desiccation  observed.  This  test  has  been  used  to  check  other  films, 
including  those  in  Table  4,  and  in  general,  confirms  the  ranking 


given  here. 

Laboratory  test  method.  For  the  cup  method,  the  main  problem  will 
be  sealing  compounds.  Blends  of  soft  microcrystalline  wax,  poly¬ 
ethylene  and  low  molecular  weight  polyisobutylene  are  suggested  as 
likely  materials.  The  standard  package  method,  using  wet  cellulose 
sponges,  can  probably  be  adapted  directly,  sealing  the  package  in  the 
same  manner  as  the  commercial  package  (heat  sealing,  banding, 
tying,  etc.). 

Research  approach.  It  is  believed  desirable,  regardless  of  immediate 
practical  application,  to  determine  water  vapor  permeability  of  certain 
packaging  films  at  very  low  temperatures.  Water  vapor  permeability 
has  been  published  for  films  at  100°  F.  and  0°  F.  (1 ).  (See  Table  5.) 


TABLE  5 

Water  Vapor  Permeabilities  as  Function  of  Temperature 
grams/sq.  meter/24  hours 


100°  F.-90%  R.  H. 

0°  F. 

Film 

Cellophane 

Flat 

Creased 

Flat 

Creased 

MSAT-83 

Polyethylene 

5 

20 

.10 

.18 

1.5  mil 

5 

5 

.14 

.21 

The  extension  of  the  above  table  to  — 20°  F.  and  — 80°  F.  would 
appear  to  be  a  valuable  contribution  to  the  literature  of  low  tempera¬ 
ture  packaging. 
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Discussion 


CHAIRMAN  MYERS: 

Our  discussion  leader  is  Dr.  Karl  Kammermeyer  of  the  State  Unii 
versity  of  Iowa. 

KARL  KAMMERMEYER: 

Dr.  Simerl  describes  a  method  that  requires  28  days.  I’m  sure  tht 
committees  don’t  like  that  length  for  a  test  period.  Will  it  perhaps  b< 
necessary  to  try  to  devise  some  other  method?  Personally,  I  feel  i 
won’t  be  easy.  If  it  would,  I’m  sure  that  the  committee  would  hav< 
thought  of  that. 

I  was  wondering,  also,  how  the  moisture  adsorption,  the  gain  ii 
weight  of  materials,  might  possibly  relate  to  vapor  transmission.  Il 
you  have  adsorption  in  weight,  you  probably  have  from  100,000  t< 
1,060,000  times  the  change  you  would  have  if  you  measure  vapoi 
transmission.  I  am  mentioning  this  only  as  a  possibility. 

Information  on  low-temperature  transmission,  especially  in  the  fielc 
of  gases,  is  more  readily  available  than  on  vapor  transmission  as  Mr 

Freeman  will  later  point  out. 

When  it  comes  to  the  question  of  how  much  vapor  transmission  wt 
might  expect  at  minus  20°  F.  or  minus  80°  F„  I  have  taken  the  entire^ 
unjustified  assumption  that  I  could  extrapolate  a  plot  of  the  logarithm 
of  the  permeability  constant  vs.  one  over  the  absolute  temperature.  W< 
can  do  that  very  often  in  the  case  of  gases,  but  not  always. 

I  have  an  interesting  figure  here  (Figure  1).  If  I  assume  that  l  i: 
so-and,  as  I’ve  already  mentioned,  this  is  questionable-! [  would  ge 
figures  of  about  .036  and  .001  for  cellophane  at  minus  20  F.  ant 
minus  80°  F.,  respectively.  The  figures  are  somewhere  near,  but  how 
close  they  are,  I  don’t  know.  The  actual  ones  could  be  less_  In  you. 
paper  Dr  Simerl,  you  quote  that  you  think  the  error  is  about  .005 
Now,  certainly,  at  minus  80°  F.  we  are  getting  down  below  the  error 
at  minus  20°  F.  we  are  awfully  close  to  it. 
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PERMEABILITY  CONSTANT  P  * C  C.-CM/  SEC-  CM.-  CM.  H« 


10 


1000/  T  ;  T  =  °K 


FIGURE  1. 


Gas  permeability  for  polyethylene  films  Solid  lines  for  film  ARL  n? 
imes  represent  the  range  for  all  normal  films  tested  wtth  ieHum 
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Even  in  gas  transmission  work  we  find  that  our  reproducibility  is 
anything  but  good.  You  just  can’t  help  it.  It’s  a  difficult  job  unless  youi 
use  very  extensive  facilities,  which  means  that  you  spend  considerable 
money,  probably  more  than  the  problem  is  worth. 

Personally,  I  don’t  think  we’ll  need  to  run  vapor  transmissions 
down  at  minus  80°  F.  I  think  it  might  be  worthwhile  to  try  to  get 
them  at  minus  20°  F.,  but  from  there  on  down  there  is  a  good  chance 
that  the  vapor  transmission  decreases  very,  very  rapidly. 

There  is  information  in  the  printed  literature  which  shows  the 
decrease  of  vapor  transmission  as  it  is  plotted  against  the  vapor 
pressure.  Dr.  Simerl  pointed  out  that  we  are  dealing  with  very  low 
vapor  pressures,  and  the  limited  amount  of  information  available 
shows  that  the  transmission  goes  down  with  temperature  at  a  fairly 
decent  slope,  and  then  it  starts  dropping  off  quite  rapidly.  That  would 
lead  me  to  believe  that  the  extrapolation  which  I  made  here  probably 
will  still  give  us  values  on  the  high  side. 

This  figure  (Figure  2)  shows  some  data  which  have  been  obtained 
recently  which  are  now  in  process  of  being  published  in  Industrial 
and  Engineering  Chemistry,  on  some  studies  in  gas  separation. 

To  give  you  an  approximate  idea,  this  is  plotted  as  1,000  over  the 
absolute  temperature.  Room  temperature  would  be  about  3.2  or  a 
little  above  that.  What  we  want  to  show  is  this  anomaly  exhibited 
by  a  cellulose-acetate-butyrate  film.  It  occurs  at  about  10°  or  11°  C. 
Please  don’t  ask  me  for  an  explanation;  we  don’t  have  one.  We  ran 
dilatometric  tests  to  see  if  there  was  a  second  order  transformation, 
or  any  transformation,  and  we  didn’t  find  anything. 

The  DuPont  people  were  very  cooperative,  and  ran  diffraction  pat¬ 
terns,  and  there  was  no  evidence  of  any  change  there. 


I  have  shown  the  curve  only  for  nitrogen  transmission.  Foi  oxygen 
the  behavior  is  probably  the  same.  However,  our  data,  in  spite  of 
efforts  to  get  duplication,  jumped  around  so  much  after  this  point) 
(end  point  of  oxygen  curve)  that  we  didn’t  dare  put  them  down  onj 


the  plot. 


This  brings  up  a  point  which  Mr.  Myers  mentioned.  We  have  to  be 
aware  of  the  fact  that  we  might  get  inversions  somewhere  along  the 


line. 


w  r  rRANDAT.L  (Mosinee  Paper  Mills  Co.)  : 


the  weighing  of  your  film,  test  dish,  an 
of  moisture  pickup,  which  in  the  case 
extremely  small.  Is  that  so? 
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FIGURE  2 

Gas  permeability  through  cellulose  acetate  butyrate  fim.  Sample  Number  4. 
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SIMERL: 

Yes.  The  moisture  condensation  problem  is  eliminated  by  handling 
the  dishes  in  a  desiccator. 


CRANDALL: 

I  was  thinking  of  the  actual  gravimetric  determination. 

SIMERL: 

It  involves  a  direct  weighing  of  the  dish. 

CRANDALL: 

Do  you  think  the  Karl  Fischer  method  for  determination  of  such 
small  amounts  of  water  might  offer  you  a  better  possibility  than  the 
weighing  of  such  a  large  dish  to  get  a  very  small  amount  of  weighl 
change? 


SIMERL: 

I  don’t  believe  I  have  quite  that  much  faith  in  the  Karl  Fischer 
method  for  small  quantities  of  moisture. 


JULES  PINSKY  (Plax  Corporation)  : 

We  have  recently  done  some  work  on  irradiated  polyethylene  ana 
polyethylene  with  a  minimum  of  short-chain  branching  which  to  me 
seems  to  show  the  criticalness  of  the  test  method  used.  Our  studies 
were  done  at  70°  F.  and  100°  F.,  and  I’d  like  to  know  whether  you 
think  that  it  also  applies  to  low-temperature  work. 

We  measured  both  with  the  General  Foods  cup  method  on  films  ana 
with  bottles.  With  the  bottles  we  had  50%  relative  humidity  at  70°  F 
and  90%  to  95%  at  100°  F. 

In  the  bottle  tests  we  showed  in  general  that  water  vapor  had  about 
25%  less  permeability  through  irradiated  and  lesser  short-chain 
branched  polyethylene  than  through  regular  polyethylene.  In  general  I 
this  reduction  in  water  vapor  permeability  was  about  25%  as  com 
pared  with  present  commercial  polyethylene.  However,  the  magm-. 
tude  of  improvement  was  very  much  more  than  the  25%,  being  some 
3  or  4  times  that  of  regular  polyethylene  when  the  test  was  run  ac 
cording  to  General  Foods  procedure  with  a  desiccating  agent  on  on 

side  of  the  film. 

An  interesting  thing  happened  in  those  studies  We  also  conducted 
tests  on  water  mixtures  and  hygroscopic  materials.  Whereas,  with 
the  other  15  or  20  materials  that  we  ran  we  showed  an  ™Provem™ 
with  the  irradiated  and  lesser  branched  polyethylene,  with  the  wat 
mixtures  and  with  the  hygroscopic  materials  there  was  a  cons.derabl. 
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increase  when  run  in  the  bottles.  In  the  bottle  test,  of  course,  there 
was  no  desiccating  agent  on  the  outside. 

There  is  an  anomaly  there,  of  course,  as  to  why  there  should  be  that 
reversal  with  the  water  mixtures.  I  am  also  wondering  whether,  .in 
low-temperature  work,  we  would  expect  that  the  presence  of  a  desic¬ 
cating  agent  would  make  such  a  large  difference  in  the  test  values. 


SIMERL:  ^  ... 

To  answer  your  2  points  separately,  I’m  sure  that  your  25  Jo  dii- 

ference — which  is  not  exceptional  in  polyethylene  films  at  room  tem¬ 
perature — would  be  considerably  decreased  at  low  temperatui  es.  In 
other  words,  they  would  all  approach  a  very  low  value,  and  by  our 
present  test  methods  we  probably  could  not  differentiate. 

As  I  understand  it,  your  other  problem  was  the  actual  physical  con¬ 
tact  of  liquid  with  the  film,  wasn’t  it?  You  had  liquid  in  contact  with 
film  vs.  water  vapor  in  the  other  case? 


PINSKY: 

No.  The  bottles,  of  course,  were  both  liquid  and  vapor  phase. 
SIMERL: 

I  see.  There,  again,  we  get  into  physical  geometry  and  wetting,  and 
a  few  things  that  I’m  afraid  I  don’t  have  any  ideas  on. 

KAMMERMEYER: 

Did  I  understand  you  correctly?  You  irradiated  polyethylene  in  an 
attempt  to  change  the  structure? 


PINSKY: 

These  were  on  irradiated  bottles  done  by  G.E.  We  measured  perme¬ 
abilities  of  about  20  different  chemicals,  and  included  water. 

KAMMERMEYER: 

But  the  radiation  had  the  presumable  purpose  of  changing  the 
structure? 


PINSKY: 

Correct. 

KAMMERMEYER: 

Introducing  more  or  less  crystalline  material? 

PINSKY: 

Well,  they  are  supposed  to  affect  cross-linking,  among  other  things. 
KAMMERMEYER: 

fnmfita  1  W°nder  if  most  of  y°u  gentlemen,  in  this  connection,  are 
familiar  with  a  very  excellent  paper  that  has  appeared  only  recently 

by  Dr.  P.  W.  Morgan  of  the  DuPont  Company,  in  which  he  describes 
a  very  successful  attempt  to  line  up  water  vapor  permeabiHtv  with 
structure7  There  is  a  great  deal  of  information  in  that  paper 
I  believe  that  concludes  our  discussion.  P  * 
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CHAIRMAN  MYERS: 

Mr.  P  inch  Stowell  of  the  Engineering  Research  and  Development 
Laboratories,  and  Mr.  Robert  T.  Seith  of  Mosinee  Paper  Mills  Co., 
have  probably  had  as  much  experience  in  testing  of  multiwall  bags 
at  low  temperatures  as  anyone.  They  will  discuss  the  testing  of 
multiwall  bags  and  other  packages  at  low  temperatures. 


Background  of  Lise  of  Multiumll  Bags  by  the  Armed  Forces 
FINCH  STOWELL: 

The  testing  done  at  Fort  Belvoir  to  date  has  been  primarily  on 
cement. 


The  first  problem  on  cement  that  came  to  the  attention  of  the  Mili¬ 
tary  was  in  connection  with  construction  activities  in  the  Aleutian 
Islands  in  1944.  A  5-ply  bag  with  one  waterproof  ply  was  used  at 
that  time.  It  proved  to  be  unsatisfactory  and  common  experience 
was  that  it  broke  after  4  handlings  from  the  embarkation  points  tc 
trucks  to  the  actual  use  points.  This  breakage  was  attributed  to  the 
use  of  an  asphaltic  compound  for  the  adhesive.  It  is  evident  that  this 
was  an  adhesive  problem  due  to  low-temperature  conditions. 

In  August  1944,  in  the  Pacific  area,  the  Seabees  reported  losses  of 
about  40%  to  50%  of  all  cement  shipped.  Their  experience  was  sc 
bad  that  they  refused  to  handle  cement  in  forward  areas  in  multiwall 
bags.  The  Seabees  solved  their  problem  by  requiring  that  the  cement 
be  placed  in  55-gallon  drums  in  forward  areas  and  moved  into  combat 
zones  and  the  front  lines  by  this  means  of  packaging. 


The  losses  of  cement  in  the  Philippines  during  1945,  encountered 
by  the  Corps  of  Engineers,  were  so  severe  that  it  is  estimated  we  lost’ 
over  80%  of  all  cement  shipped.  The  problem  became  so  critical 
that  we  packed  12  six-ply  bags  in  a  nailed  wood  box  and  placed  it  on 
a  pallet.  This  was  an  expensive  answer,  but  by  putting  2  of  the 
boxes  on  a  pallet  that  expense  was  reduced  and  results  were  satisfac¬ 
tory.  However,  it  was  a  big  job  to  place  multiwall  bags  in  nailec 
boxes  and  then  palletize  the  boxes  in  order  to  get  cement  to  men  in 


the  front  lines. 

In  recent  operations  in  Korea  the  Corps  of  Engineers  had  indica¬ 
tions  from  returning  officers  that  we  were  still  losing  approximately 

50%  of  all  cement  shipped  into  that  area. 

The  foregoing  are  some  typical  experiences.  Let  us  take  a  bne 
look  at  the  history  of  a  multiwall  shipping  sack  specification.  In  Novem¬ 
ber  1944,  a  6-ply  bag  with  2  waterproof  plies,  Type  E  (Navy  specifica¬ 
tion  53-B-9-E)  was  introduced.  This  specification  was  the  first  at¬ 
tempt  to  strengthen  the  bag.  At  this  same  time  there  was  discussior 
of  reducing  the  size  of  cement  bags  from  94  to  47  pounds  net  weig  it. 

A  vear  later  in  November  1945,  the  Navy  issued  a  succeeding 
specification,  Navy  specification  53-B-9-F,  calling  for  a  5-ply  mne» 
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bast  with  one  waterproof  ply  and  a  5-ply  overslip  bag  with  2  waterproof 
phes  Here  again  is  exemplified  an  attempt  to  increase  strength 

**111*1952,  we  turned  to  the  Federal  specification,  SSC-1892-A,  Army 
Type  E,  which  has  an  overslip  bag  for  overseas  use.  That  is  the  Pag 
currently  in  use.  It  is  not  fully  satisfactory  but  we  hope,  through 
the  work  at  Fort  Belvoir  for  the  Navy  and  other  agencies,  and  through 
the  efforts  of  Mr.  Seith  and  others,  that  changes  to  that  specification 
can  be  made  to  provide  a  bag  with  the  necessary  strength  properties. 
The  ERDL  bag  testing  program  began  in  1948  and  is  still  under  way. 
In  1949  and  1950  the  Food  and  Container  Institute  tested  a  variety 
of  sacks  constructed  for  use  at  low  temperatures,  all  incorporating 


polyethylene  laminates.  The  lowest  test  temperature  was  minus  40°  F. 
The  polyethylene  was  satisfactory,  but  the  paper  itself  ruptured.  This 
was  confirmed  in  the  tests  at  Fort  Belvoir  in  1950.  At  cold  tempera¬ 
tures,  the  asphaltic  compounds  failed,  resulting  in  failure  of  the  bag. 
In  tests  with  polyethylene  laminates  the  paper  ruptured.  The  seams, 
however,  were  satisfactory. 

The  foregoing  will  give  you  some  knowledge  of  the  background  of 
experience  in  handling  cement  in  multiwall  paper  shipping  sacks.  Mr. 
Seith  will  describe  the  nature  and  scope  of  our  testing  work  at  Fort 
i  Belvoir. 


Testing  Multiivall  Bags  at  Low  Temperatures 
ROBERT  T.  SEITH: 

Most  of  the  experience  of  both  the  Packaging  Section,  Engineer 
Research  and  Development  Laboratories,  and  the  others  concerned 
with  these  tests  has  been  in  the  packaging  of  cement.  Although  the 
tests  have  been  restricted  to  the  packaging  of  a  single  material,  it  is 
believed  that  the  experience  gained  does  prove  useful  in  the  design 
of  multiwall  bags  for  other  purposes. 

Our  experience  during  the  past  few  years  may  indicate  a  more 
or  less  practical  method  of  developing  packages  to  meet  low-tempera¬ 
ture  conditions.  Of  course,  our  experience  has  been  restricted  to 
laboratory  conditions  and  results  have  been  qualitative  in  nature. 
Once  correlations  have  been  made  with  actual  arctic  conditions,  we 
wi  1  be  in  a  better  position  to  evaluate  the  testing  procedures  used,  as 
well  as  the  efficiency  of  the  packaging  materials  involved. 

elieve  that  the  first  low  temperature  tests  conducted  on  multiwall 

hvg?h  t  Cumenf  Packa?ins  were  made  here  in  Chicago  in  1948 
by  the  Technical  Committee  of  the  Paper  Shipping  Sack  Manufac 

he6St  Reeis  Pan,  ^  ba?S  in  this  test  were  furnished  by 
cement  bag  Tyne  E  COnsisted  of  a  standard  Navy 
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and  then  laminated  to  the  paper.  A  series  of  drop  tests  was  made 
at  about  minus  40  F.  The  primary  purpose  of  this  investigation  was 
to  determine  whether  the  supported  polyethylene  film  in  the  standard 
multiwall  cement  bag  would  be  an  improvement  over  asphalt  lamin¬ 
ated  structures. 

A  standard  adhesive  was  used  in  manufacturing  all  bags,  and,  conse¬ 
quently,  the  longitudinal  seam  failed  due  to  the  fact  that  the  glue 
became  brittle  at  these  low  temperatures. 

The  first  series  of  tests  in  which  Bemis  was  interested  was  con¬ 
ducted  in  1951.  The  tests  were  conducted  at  the  Engineer  Research 
and  Development  Laboratories,  Fort  Belvoir,  Virginia,  at  a  tempera¬ 
ture  of  minus  65°  F.  Two  types  of  bags  were  tested.  The  first 
series  of  tests  was  made  on  a  standard  Navy  cement  bag,  Type  E. 
These  bags  were  compared  with  a  standard  construction  in  which 
the  asphalt  had  been  replaced  by  a  60-pound  kraft  coated  with 
polyethylene  on  one  side.  The  water-resistant  plies  in  the  bag 
were  coated  with  1  mil  of  polyethylene.  In  addition,  the  conventional 
glued  seam  was  replaced  with  a  reactivated  polyethylene  film.  The 
ends  of  the  bags  were  dipped  with  paraffin  wax  in  accordance  with 
current  Navy  specifications. 

Five  bags  of  each  type  were  conditioned  in  the  cold  chamber  at 
Fort  Belvoir,  for  48  hours  at  minus  65°  F.  The  bags  were  dropped 
from  a  height  of  3  feet  on  alternate  faces.  Results  of  these  tests 
indicated  that  the  polyethylene  seams  were  satisfactory  in  that  the 
paper  broke  during  the  first  several  drops  but  the  seams  held  on 
those  bags  sealed  with  a  polyethylene  seam  and  failed  in  those 
instances  where  the  standard  adhesive  was  used.  At  this  time,  it  was 
noted  that  the  wax  used  to  seal  the  end  of  the  bag  became  very  brittle 
at  low  temperatures.  One  conclusion  reached  in  this  test  was  that  the 
construction  used  in  the  standard  Navy  bag  was  unsatisfactory  under 
low-temperature  conditions.  The  Type  E  Navy  sack  as  specified  in 
Navy  specification  53-B-9-F,  “Bags,  Paper  Shipping,  for  Portland 
Cement,”  consists  of  the  following : 

1  Type  C  Bag,  5  ply ;  2/50  - 1/30-30-30  AL  - 1/60  WS  NK  1/60  WS  NK 

Also  an  export  overslip  consisting  of  5  plies  as  follows : 

1/50  NK  -  1/AL  -  1/60  WS  NK  -  1/AL  -  1/60  WS  NK— 

Waterproof  Ends 


At  this  point  in  the  development  work,  it  appeared  that  the  logical 
answer  to  thta  problem  would  be  to  increase  the  plies  of  paper  in  the 
bag  to  give  increased  performance.  However,  another  altern 
nresented  itself  in  the  development  of  an  unusual  type  of  rei 
nlner  bv  the  Mosinee  Paper  Mills  Company.  This  paper  is  reinforced 
with  a  fiberglas  scrim,  “non-woven  fabric,"  manufactured  by  Owens- 
Corning  Fiberglas.  The  unique  thing  about  the  paper  is  a  1  is  n 
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a  laminated  structure,  the  glass  being  included  as  an  Integra  P 
of  the  sheet.  It  appeared  that  the  use  of  such  paper  would  be  worth 
considering  for  this  application  due  to  the  fact  that  there  were  n 
laminants  to  become  brittle,  and  it  was  thought  that  the  inclusion  of 
the  glass  reinforcing  would  enhance  the  strength  of  the  bag  at  low 
temperatures.  Consequently,  a  second  series  of  tests  were  set  up  by 
the  Navy  Department  and  Corps  of  Engineers  and  made  in  the  climatic 
test  laboratory,  Fort  Belvoir,  Virginia,  on  December  15,  1952.  The 
following  bags  were  tested  : 


(a)  Five  bags  containing  a  160-pound  basis  weight,  Mosinee 
SCRIMTEX  treated  with  DuPont’s  water-repellent  Quilon 
with  2  plies  of  a  60-17-60  polyethylene  sandwich  sheet  manu¬ 
factured  by  the  H.  P.  Smith  Paper  Company.  These  bags  con¬ 
tained  a  polyethylene  coated  valve  which  was  heat  sealed 
after  filling  with  cement. 

(b)  Two  bags  of  standard  Navy  construction  using  a  polyethylene 
sandwich  in  place  of  the  asphalt  laminated  plies. 

(c)  Five  bags  standard  Navy  cement  bag  with  the  export  overslip. 


These  bags  were  filled  at  a  cement  company  in  Maryland  and 
shipped  by  freight  to  Fort  Belvoir.  Upon  receipt  of  the  cement  bags, 
some  damage  was  noted  to  the  outer  plies  of  some  of  the  sacks.  This 
damage  was  repaired  as  well  as  possible,  prior  to  the  tests.  Upon 
receipt  of  the  bags  at  Fort  Belvoir,  the  ends  of  the  bags  were  dipped 
in  a  microcrystalline  wax.  In  some  cases,  this  wax  extended  over 
more  than  1/5  of  the  bag  length. 


The  cement  bags  were  arranged  in  the  climatic  test  chamber  prior 
to  testing,  in  an  order  approximating  the  order  of  drop  testing.  A 
rather  crude  testing  table  was  used  and  was  found  to  be  satisfactory 
for  testing  at  these  low  temperatures.  The  bags  were  dropped  from  a 
height  of  3  feet  into  a  wooden  box  approximately  10  feet  long,  2  feet 
deep,  and  3  feet  wide.  This  box  was  used  to  prevent  the  cement  dust 
from  contaminating  the  air  of  the  climatic  chamber. 


These  tests  were  made  with  the  following  personnel  in  the  climatic 
chamber:  Two  men  handling  the  bag  which  contained  100  pounds  of 
cement,  one  man  on  the  telephone  in  communication  with  the  recorder 
located  outside  of  the  testing  chamber,  and  one  observer.  I  believe  it 
should  be  mentioned  at  this  point  that  minus  65°  F.  creates  unusual 
testing  conditions  in  that  even  the  handling  of  a  100-pound  bag  of 
cement  becomes  a  major  operation.  It  is  not  advisable  to  have  per¬ 
sonnel  working  in  the  chamber  for  longer  than  20-minute  periods 
Consequently,  the  testing  procedure  becomes  quite  involved.  As  we 

have  found  in  our  latest  tests,  long  periods  of  time  are  required 
to  evaluate  even  a  small  number  of  bags.  required 

The  first  5  bags  dropped  during  this  test  were  the  standard  Navv 
bags  With  the  export  overslip.  In  all  cases,  these  bags  showed  con- 
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siderable  damage  after  6  drops.  In  the  case  of  the  SCRIMTEX 
polyethylene  bags,  some  failures  were  noted  due  to  the  brittle  ends 
caused  by  the  wax  dip  and  the  holes  which  had  been  punctured  in 
the  bags  during  shipment  to  Fort  Belvoir.  As  a  result  of  these  tests, 
we  concluded  that  the  SCRIMTEX  bags  had  considerable  merit  but 
that  the  wax  dip  must  be  eliminated  in  all  future  tests  due  to  the  fact 
that  it  brittled  the  paper  at  these  low  temperatures.  The  polyethylene 
sandwich  sheets  did  not  offer  any  additional  protection.  In  fact,  the 
polyethylene  was  quite  brittle  at  these  low  temperatures  and  did  not 
perform  as  well  as  might  have  been  expected. 

In  evaluating  these  results,  it  must  be  remembered  that  conclusions 
were  based  on  a  very  small  number  of  tests  and  were  very  qualitative 
in  nature.  Even  though  we  gained  experience  from  the  first  series,  it 
was  still  impossible  to  test  more  than  8  bags  a  day. 

In  addition  to  the  changes  in  the  dipping  compound  to  be  used 
on  the  ends  of  the  bag,  certain  changes  were  made  in  the  paper 
specifications.  Based  on  the  results  of  these  tests,  the  Corps  of  Engi¬ 
neers  recommended  that  a  new  series  of  tests  be  made  to  evaluate  a 
bag  which  would  incorporate  all  of  the  improvements  suggested  by 
the  previous  tests.  Therefore,  a  third  series  of  low  temperature  drop 
tests  was  scheduled  for  Fort  Belvoir  on  22-23-24  July  1953.  For  these 
tests,  Bemis  and  Mosinee  furnished  5  bags  each  of  3  different  construc¬ 
tions  for  drop  test  purposes  and  2  each  of  the  3  constructions  for  the 
cyclic  exposure  tests,  together  with  5  bags  of  the  current  overslip  type 
for  comparative  purposes.  In  order  to  eliminate  any  damage  due  to 
shipping  from  the  cement  plant  to  Fort  Belvoir,  arrangements  were 
made  to  have  an  Army  truck  pick  up  the  shipment  and  deliver  it  to  the 
Engineer  Research  and  Development  Laboratories. 

The  following  constructions  were  used : 


Bag  A  •  1-ply  120-pound  SCRIMTEX— 1-ply  30-18-30  polyethyl¬ 
ene  sandwich,  creped  2  ways,  1-ply  120-pound  2x2  SCRIM¬ 
TEX.  Polyethylene  seams  were  used  throughout.  Filling  was 
accomplished  by  means  of  a  60-pound  polyethylene  coated  kraft 
valve  which  was  heat  sealed  after  filling.  At  the  time  of  manu¬ 
facture,  the  bag  ends  were  dipped  in  acetate  butyrate  sealing 
compound  furnished  by  Pyroxylin  Products  °f  Chicago.  The 
sealing  compound  used  was  designated  as  No  -5-142-2. 

Bag  B  :  1-ply  160-pound  2x2  SCRIMTEX— 1-ply  30-18-30  kra 
polyethylene  sandwich,  creped  2  ways,  1-ply  160-pound  2  x  2 
SCRIMTEX — polyethylene  kraft  valve;  bag  ends  dipped 


Pyroxylin  dipping  compound. 

Bag  C:  1-ply  120-pound  4  x  4  SCRIMTEX-l-ply  30-18-30  poly¬ 
ethylene  sandwich,  creped  2  ways,  1-ply  120-pound  4  x  4 

SCRIMTEX _ polyethylene  kraft  valve;  bag  ends  dippe 

Pyroxylin  dipping  compound.  Polyethylene  seams  were  used 

on  all  of  the  above  bags. 
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The  total  basis  of  the  paper  used  in  the  Navy  bag,  with  overslip, 


is  660  pounds. 

All  bags  were  filled  with  100  pounds  of  cement  furnished  by  Lehigh 
Portland  Cement  Company  at  Union  Bridge,  Maryland.  No  difficulty 
was  experienced  in  filling  any  of  the  SCRIMTEX  bags.  #  # 

The  bags  were  arranged  in  the  testing  chamber  at  Foit  Belvoir  in 
the  same  manner  as  the  previous  test.  The  bags  were  dropped  from  a 
height  of  3  feet  on  alternate  faces.  None  of  the  standard  Navy  cement 
bags  survived  more  than  one  drop.  It  was  noted  that  when  failure 
occurred  the  paper  appeared  to  shatter  rather  than  tear.  Bag  C 
dropped  22  times  before  failure  occurred  on  the  polyethylene  seam. 
Bag  C  averaged  better  than  11  drops,  and,  in  all  cases,  failure  occurred 
at  the  seam.  Bags  A  and  B  failed  earlier  due  to  poor  seams.  This  seam 
failure  was  not  due  to  the  poor  efficiency  of  a  polyethylene  seam  but 
was  due  rather  to  the  seam  not  having  been  properly  made. 

We  are  able  to  arrive  at  definite  conclusions  as  a  result  of  these  tests, 
due  to  the  fact  that  there  were  enough  replications  to  define  the  results. 
We  believe  that  we  have  definitely  arrived  at  a  point  where  we  have 
obtained  an  improved  bag  using  a  smaller  number  of  plies  and  lighter 
total  basis  weight  which  will  be  satisfactory  for  use  under  arctic  condi¬ 
tions.  Our  results  to  date  hinge  on  the  development  of  the  polyethylene 
seam,  and  we  understand  that  this  work  is  proceeding  very  satis¬ 
factorily. 

In  discussing  this  situation  with  Mr.  Walter  Armstrong  at  Fort 
Belvoir,  he  stated  that  probably  the  most  important  conclusion  which 
could  be  drawn  is  that  it  is  not  necessary  from  a  multiwall  bag  stand¬ 
point,  to  increase  plies  of  paper  indiscriminately,  as  the  answer  to  this 
low  packaging  problem  probably  lies  more  in  the  use  of  materials 
designed  specifically  for  low-temperature  applications  than  in  the 
standard  products  as  now  manufactured.  The  results  of  these  tests 
have  indicated,  I  believe,  that  the  primary  difficulty  with  paper  and 
paper  products  at  low  temperatures  is  due  to  the  brittleness  caused 
by  dehydration.  Consequently,  I  believe  that  the  answer  to  this  prob¬ 
lem  will  lie  not  in  paper  alone,  but  in  papers  having  been  reinforced 
by  materials  which  are  not  affected  by  low  temperatures. 


Our  work  in  this  field  has  been  hampered  by  the  fact  that  low- 
temperature  paper  and  bag  testing  facilities  are  not  crpnpmllv 


I  do  not  believe  it  possible  or  desirable  to  set 
specifications  for  these  materials. 


up  quantitative  testing 
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CHAIRMAN  MYERS: 

Thank  you,  Mr.  Seith  and  Mr.  Stowell. 

The  discussion  leader  for  this  paper  is  Mr.  Charles  J.  Zusi  of  Con¬ 
tainer  Laboratories,  Inc. 


Discussion 


CHARLES  J.  ZUSI: 

I  know  that  there  are  2  people  present  who  know  quite  a  bit  about 
this  kind  of  testing,  in  addition  to  the  2  speakers.  I  am  going  to  ask 
them  if  they  would  like  to  make  comments. 

The  first  would  be  Mr.  Grace. 

A.  H.  GRACE  (Bemis  Bros.  Bag  Company)  : 

We  started  out  on  the  theory  that  there  were  2  fundamental  de¬ 
ficiencies  in  the  multi  wall  bag — the  paper  and  the  seam.  Those  were^ 
followed  by  the  weakness  of  the  dipping  compound  for  the  sewn  ends. 

We  could  not  find  a  satisfactory  way  of  handling  the  seam  difficulty.  J 
We  wanted  something  that  would  remain  flexible  at  exceedingly  low 
temperatures.  We  decided  to  work  on  polyethylene  resin.  Being  unable' 
to  extrude  the  resin  for  the  seam  itself  in  actual  bag  manufacture,  we- 
substituted  the  polyethylene  film,  using  a  strip  about  in  width, 
sealing  the  bag  with  a  hot  iron. 

In  the  paper  itself  we  found  that  the  laminated  construction,  using 
fiberglass  between  the  2  sheets  of  paper,  was  not  nearly  so  strong  as  ; 
what  I  term  the  integrated  sheet  as  manufactured  by  Mosinee. 

The  dipping  compound  was  developed  by  Pyroxylin  Products  Co.. 
This  seemed  to  remain  flexible  and  solved  the  problem  so  far  as  the 
sewn  ends  were  concerned. 

There  has  been  considerable  time  and  effort  spent  since  these  tests 
were  developed  and  conducted  on  the  idea  of  the  extrusion  of  the 
polyethylene  resin  for  seam  purposes.  I  have  here  with  me  a  sample 
of  the  first  extruded  polyethylene  seam  forming  the  tube  of  a  multi¬ 
wall  bag. 

We  found  in  using  polyethylene  resin  7/32"  in  width  we  could  get 
far  stronger  seams  both  in  the  peel  and  pare  tests  than  we  could  with 
any  known  adhesive.  If  any  of  you  want  samples,  I’d  be  glad  to  let 
you  have  them.  The  actual  mechanical  apparatus  for  machine  applica¬ 
tion  is  still  in  the  development  stage  but  will  be  ready  shortly. 


ZUSI : 

I  want  to  ask  Mr.  James  Sargeant  if  he  has  anything  to  add  that 
might  be  illuminating  to  the  group. 

JAMES  A  SARGEANT  (Container  Laboratories,  Inc.)  : 

I'd  like  to  make  one  observation  concerning  the  tests  They  were 
exploratory,  and  not  meant  to  be  conclusive  insofar  as  the  Military 
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was  concerned.  I  happened  to  be  with  the  program  at  thetimeitwas 
started  and  I  would  like  to  comment  on  the  difficulties  of  testing  at 
extremely  low  temperatures.  Some  very  serious  and  peculiar  problems 
are  encountered.  You  can’t  use  the  Acme  type  tester  very  readily 
because  of  difficulties  in  operating  any  kind  of  mechanical  device 
under  those  temperature  conditions.  The  moving  parts  freeze  and 
become  erratic  in  operation.  As  Stowell  mentioned,  there  is  also  the 
element  of  hazard  to  the  personnel  working  at  extremely  low  tem¬ 
perature. 


ZUSI : 

Now  I’d  like  to  ask  Mr.  Stowell  this :  In  view  of  the  low  results,  even 
on  the  best  bags,  as  compared  with  the  kind  of  results  we  get  normal¬ 
ly,  would  it  not  be  advisable  at  once  to  work  only  on  a  50-pound  bag, 
especially  since  we  found  in  the  test  chamber  that  the  100-pound  bag 
took  2  men  and  lasted  only  20  minutes,  anyway? 


STOWELL: 

It  is  my  own  personal  opinion  and  that  of  my  colleagues  at  Fort 
Belvoir  that  a  50-pound  bag  has  less  tendency  to  break.  When  you 
lift  the  heavier  bag  at  the  ends,  it  collapses  in  the  center ;  when  you 
lift  it  in  the  center,  the  ends  flop.  The  50-pound  bag,  in  square  form, 
will  not  have  that  structural  failure.  We  feel  that  would  be  a  method 
to  attempt,  at  least  in  the  immediate  future.  As  to  what  the  Govern¬ 
ment  agencies  will  prefer  to  do,  we  will  have  to  go  through  our  normal 
channels  on  that. 
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TECHNICAL  SESSION  NO.  2 

Howard  M.  Weiner,  presiding 


IV.  Effect  of  Low  Temperature  on  Container  Components 
CHAIRMAN  WEINER: 

The  next  paper  to  be  presented  is  “Toughness  and  Gas  Transfer 
Characteristics  of  Plastic  Films  at  Low  Temperatures”  by  Mr.  A.  J. 
Freeman,  General  Mills  Research  Laboratory,  Minneapolis,  Minn. 

Mr.  Freeman  is  currently  engaged  in  chemical  market  development 
work  for  General  Mills,  and  prior  to  that  was  in  charge  of  test  work 
on  high-altitude  balloons.  A  write-up  of  this  type  of  work  has  been 
presented  in  Modern  Packaging  for  August  1953. 

Toughness  and  Gas  Transfer  (.haracteristics  of  Plastic  Films 

at  Loin  Temperatures 


A.  J.  FREEMAN: 

Early  in  General  Mills’  development  of  giant  plastic  balloons  for 
probing  the  stratosphere,  polyethylene  film  was  selected  as  the  most 
promising  of  the  candidate  barrier  materials.  The  critical  requiiements 
placed  on  these  polyethylene  films  in  service  at  high  altitudes  made  it 
necessary  to  develop  methods  of  differentiating  among  polveth\lenes  to 
select  only  the  types  with  the  optimum  properties  in  extruded  form 
for  the  highly  specialized  application  at  hand. 

Polyethylenes  in  general  have  been  recognized  as  having  excellent 
low-temperature  toughness  and  low-moisture  absorption.  These  prop¬ 
erties  and  the  relative  ease  of  extrusion  into  thin  films  have  made 
polyethylene  one  of  the  most  promising  of  packaging  materials.  Cur¬ 
rently  the  use  of  this  film  in  packaging  is  mushrooming,  and  it  is 
predicted  that  polyethylene  may  become  the  first  billion-pound-a-year 

properties  which  recommend  polyethylene  for  packaging  also 
make ^attractive  for  balloon  fabrication  (This  statement  .s  offered 
in  justification  for  our  participation  in  this  program  )BaHoons  are 
after  all  only  huge  packages  which  must  hold  as  much  as 
cubic  feet  of  gas.  Specifications  on  film  for  balloon  service  ten  o 
more  stringent  than  are  the  specifications  for  film  in  normal  packaging 
applications,  but  these  requirements  differ  only  m  ( 

film  are  toughness  and  low  gas  permeability  or  porosity  ^ 

ranee  of  temperatures.  These  2  properties  also  are  of  interest  to  the 
packaging  engineer  concerned  with  low-temperature  packaging. 

Toughness  at  Low  Temperatures 

The  term  toughness  when  applied  to  plastic  film  at  low  temperatures 
may  be  thought^  consist  of  2  independent proper  ies  a)  brittleness 
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here  with  resistance  to  tearing  and  with  shock  brittleness. 

Method  of  Measuring  Cold  Brittleness  Temperatures 

For  our  purpose,  a  new  method  of  measuring  the  brittleness  tem¬ 
perature  was  needed,  since  earlier  methods  were  not  applicable  to  thin 
films.  It  was  found  that  the  cold  brittleness  temperature  of  plastics 
could  be  evaluated  by  holding  a  piece  of  plastic  film  taut  in  a  clamp 
similar  to  an  embroidery  hoop  and  piercing  it  with  a  dropping  steel 
ball.  The  entire  apparatus  is  held  in  a  cold  box  in  which  the  tempera¬ 
ture  can  be  varied  in  carefully  controlled  fashion.  The  temperature 
at  which  the  tear  caused  by  the  ball  piercing  the  film  changes  from 
straight-lined,  stretching  tear  characteristic  of  a  tough  distensible 
material  to  the  random  shattering  typical  of  a  brittle  material  has 
been  defined  as  the  “cold  brittleness  temperature.”  It  is  indicative  of 
the  brittleness  characteristics  of  the  film  although  it  does  not  mean 
that  the  film  will  never  shatter  above  the  cold  brittleness  temperature 
or  always  shatter  below  it  when  broken  in  service. 

Method  of  Measuring  Tear  and  Puncture  Resistance 

The  standard  methods  of  measuring  tear  strength  such  as  the 
Elmendorf  and  the  Graves  tests  are  not  in  most  cases  suitable  for 
polyethylene.  Anomalous  results  are  almost  invariably  obtained  with 
either  method  because  of  polyethylene’s  tendency  to  stretch  and  elon¬ 
gate  so  easily.  An  instrument  which  was  found  to  give  more  mean¬ 
ingful  results  was  a  dropping  ball  puncture  tester.  A  steel  ball  is 
dropped  from  a  fixed  height  and  allowed  to  pierce  the  test  specimen. 
The  velocity  of  the  ball  after  breaking  through  the  test  piece  is 
measured  by  the  use  of  2  photoelectric  cells  and  a  Berkley  Time 
Interval  Meter.  The  difference  in  velocity  between  a  free  falling  ball 
and  the  ball  which  has  punctured  the  film  may  be  used  to  calculate 
the  energy  absorbed  by  the  film  when  punctured  by  the  ball.  The 
change  in  velocity  can  also  be  used  as  an  indication  of  film  strength 
although  the  relationship  between  velocity  and  energy  absorbed  is 
not  strictly  linear. 

The  veiy  lapid  rate  of  stressing  produced  by  the  dropping  ball  as 
opposed  to  the  slow  rate  of  stressing  in  conventional  tear  strength  tests 
is  probably  the  reason  for  the  more  meaningful  results.  The  punctured 
films  are  not  greatly  deformed  outside  of  the  actual  area  of  impact, 
lhis  type  of  rapid  stressing  is  often  encountered  during  actual  balloon 


Low-temperature  Toughness  Measurements 
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ally  well  suited  for  balloon  fabrication  since  it  can  be  extruded  readily 
into  wide  films  as  thin  as  0.001  inches.  It  remains  relatively  tough 
and  flexible  down  to  temperatures  of  minus  60°  C.  or  lower. 

It  was  found  that  the  molecular  weight  of  the  polyethylene  resin  had 
a  marked  effect  on  the  brittleness  characteristics  of  the  film.  Films 
with  the  highest  molecular  weight,  in  general,  had  the  lowest  cold 
brittleness  temperature  and  the  best  tear  and  puncture  resistance 
although  some  exceptions  were  found. 

Table  1  illustrates  how  the  brittleness  temperature  and  puncture 
resistance  vary  with  molecular  weight.  A  melt  index  value  is  used 
as  a  measure  of  the  molecular  weight.  This  value  depends  upon  the 
viscosity  of  the  molten  polymer.  The  higher  the  melt  index  value, 
the  lower  the  molecular  weight.  The  table  shows  that  high  molecular 
weight  favors  both  the  cold  brittleness  properties  and  puncture 
strength  of  the  films.  The  deviation  from  perfect  correlation  indicates 
that  other  factors  in  addition  to  molecular  weight  influence  the  low- 
temperature  toughness  (5).  Orientation  seems  an  important  factor 
in  puncture  strength,  but  it  does  not  appear  to  influence  the  measured 
cold  brittleness  temperature  to  any  marked  degree. 

2.  Polyethylene-polyisobutylene  blends.  Blends  of  polyethylene  and 
polyisobutylene  were  investigated  as  possible  candidates  for  balloon 
films.  These  blends  proved  to  be  unsuitable  because  small  quantities 
of  polyisobutylene  in  polyethylene  raised  the  cold  brittleness  tem¬ 
perature  of  the  blend  markedly.  Also  the  puncture  resistance  dropped 
off  rapidly  in  the  very  low-temperature  range. 

These  blends,  however,  may  be  of  considerable  interest  in  the 
packaging  field  since  they  seem  to  have  quite  good  toughness  charac- 
istics  in  the  moderately  low-temperature  regions.  The  low-tempera¬ 
ture  toughness  properties  of  these  blends  are  shown  in  Table  2.  At 
minus  20°  C.,  a  blend  containing  30%  polyisobutylene  had  a  puncture 
resistance  of  29  inch  pounds/mil  as  compared  to  19  for  the  uncom¬ 
pounded  polyethylene.  The  cold  brittleness  temperature  was  raised 


TABLE  1 


Cold 

Puncture 

Polyethylene 

Manufacturer’s 

Grade 

Melt  Index 
Value 

Film 

Thickness 

(inches) 

Brittleness 

Temperature 

(°C.) 

Resistance 
(in.  lbs. /mil.) 
at—  20°C. 

A 

B 

0.41 

0.83 

0.98 

0.002 

0.0015 

0.001 

—72 

—70 

—66 

16 

17 

11 

C 

D 

E 

1.37 

2.17 

2.21 

2.93 

0.001 

0.0015 

0.0015 

0.0015 

—67 

—60 

—52 

—62 

10 

9 

10 

10 
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TABLE  2 


Low-Temperature  Toughness  of  Polyethylene-Polyisobutylene  Blends 


Falling  Ball  Puncture 

Resistance 

Per  Cent 

Cold  Brittleness 

at  —  20  °C. 

Polyisobutylene 

Temperature 

(in.  lbs. /mil.) 

0 

— 71°C. 

19 

3 

— 63  °C. 

21 

15 

— 57°C. 

26 

30 

— 46°C. 

29 

50 

— 40°C. 

23 

from  minus  71°  C.  to  minus  57°  C.  A  brittleness  temperature  of 
minus  57°  C.  is  probably  acceptable  for  almost  all  packaging  applica¬ 
tions. 

Figure  1  compares  graphically  the  puncture  resistance  at  different 
temperatures  of  a  straight  polyethylene  film  and  a  polyethylene- 
polyisobutylene  film.  As  shown,  the  blend  is  stronger  at  the  higher 
temperature  but  the  puncture  resistance  starts  to  drop  off  rapidly  at 
minus  20°  C.,  and  the  film  has  no  strength  whatsoever  at  minus  50°  C. 
The  polyethylene  film  has  better  puncture  resistance  than  the  blend 
below  minus  30°C.  although  it  is  still  quite  poor  in  the  low-temperature 
regions.  No  polyethylene  films  have  been  found  where  the  puncture 
resistance  at  minus  50°  C.  is  at  all  comparable  with  the  puncture 
resistance  at  room  temperature. 

Tensile  strengths,  however,  do  not  change  in  this  fashion.  The 
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TABLE  3 

Low-Temperature  Toughness  of  Miscellaneous  Plastic  Films 


Film 

Thickness 

Cold  Brittleness 
Temp.  °C. 

Puncture 
Resistance 
(in.  lbs./mil. 

— 30°C.) 

1.  Vinyl  Chloride  Copolymer 
(plasticized) 

0.002 

0-15 

3 

2.  Polychlorotrifluorethylene 
(unplasticized) 

0.002 

+  30 

4 

3.  Polychlorotrifluorethylene 
(plasticized) 

0.002 

—71 

16 

4.  Polyethylene 

Terephthalate 
(2-way  oriented) 

0.0005 

—73  to  —75 

10 

5.  Polytetrafluoroethylene 

0.001 

below  ■ — 74 

13 

One  polyethylene  extruder  has  stated  that  the  tensile  strength  of  a 
polyethylene  film  at  minus  30°  C.  will  be  almost  double  what  it  is  at 
room  temperature. 


Low-temperature  Toughness  of  Some  Other  Plastic  Films 

Other  types  of  plastic  films  reportedly  good  at  low  temperatures 
were  investigated.  These  films  and  some  of  their  low-temperature 
properties  are  reported  in  Table  3. 

The  plasticized  polychlorotrifluoroethylene  (Kel-F  or  Trithene), 
polytetrafluorethylene  (Teflon),  and  polyethylene  terephthalate  (My¬ 
lar)  all  appear  to  have  good  low-temperature  toughness.  Of  course, 
other  factors  must  be  considered  also  in  films  for  balloon  and  packag¬ 
ing  applications.  For  example,  Teflon  cannot  be  heat  sealed,  and 
Mylar  is  heat  sealed  only  with  difficulty.  However,  in  certain  proper¬ 
ties  these  films  are  markedly  superior  to  polyethylene,  and  they  find 
application  where  these  special  properties  (e.g.,  high-softening  tem¬ 
perature)  can  be  put  to  good  use. 


Gas  Porosity  and  Permeability  at  Low  Temperatures 

The  expression  “gas  permeability  of  plastic  films”  is  used  to  describe 
the  flow  of  gases  through  an  integral  plastic  film.  Flow  of  gases 
through  small  discrete  holes  is  termed  porosity.  Most  of  the  methods 

for  evaluating  gas  transfer  through  plastic  films  are r, eat er 
arily  with  permeability,  as  it  can  be  measured  with  much  greater 
accuracy  than  porosity  and  in  most  applications  is  the  predominating 
?ype  of  gas  leakage.  However,  in  applications  where  large  areas  of 
fdms  are  used  (such  as  in  balloons)  or  where  the  film  is  subjected  to 
much  mechanical  action,  porosity  may  become  as  much  or even  mo 
important  than  permeability.  Gas  leakage  caused  by nf 

ssss  ssss  srjzffzxs  ft  sift vs* 
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meaningful  values.  No  really  good  method  for  evaluating  porosity, 
either  qualitatively  or  quantitatively,  has  yet  been  found. 

Permeability 

The  gas  permeability  measurements  described  here  were  conducted 
by  Professor  Karl  Kammermeyer  at  the  State  University  of  Iowa 
under  contract  to  General  Mills.  They  were  the  first  measurements 
of  this  type  on  polyethylene  films  carried  out  at  temperatures  of 

minus  40°  C.  and  below.  r>  u  ( /\ 

1.  Mechanism  of  gas  permeation.  As  early  as  1866,  Graham  (A) 

studied  the  flow  of  gases  through  rubber.  He  regarded  this  permeation 
process  as  a  sequence  of  solution,  diffusion,  and  re-evaporation  of  t  e 
diffusing  gas,  a  viewpoint  which  is  still  held  today.  More  recently, 
permeation  has  been  described  in  some  detail  by  Brubaker  and 
Kammermeyer  ( 2 ) .  A  gas  will  permeate  whenever  a  partial  pressure 
of  that  gas  exists  across  the  film.  The  rate  of  permeation  is  directly 
proportional  to  the  partial  pressure  difference  and  inversely  propor¬ 
tional  to  the  film  thickness. 

The  permeability  characteristics  of  a  film  to  a  gas  have  been  de¬ 
scribed  by  Brubaker  and  Kammermeyer  in  terms  of  a  Permeability 
Coefficient.  This  coefficient  is  defined  as  the  number  of  standard  cubic 
centimeters  (0°  C.,  1  atm)  of  gas  which  will  pass  through  1  square 
cm.  of  film  1-cm.  thick  per  second  per  centimeter  of  mercury  partial 
pressure  difference  across  the  film.  This  value  is  determined  at  a 
constant  temperature  and  the  partial  pressure  difference  across  the 
film  is  held  constant  during  the  run.  For  polyethylene,  it  was  found 
to  remain  remarkably  constant  for  films  of  different  molecular  weights, 
different  crystalline/amorphous  ratios,  and  different  degrees  of  orien¬ 
tation. 

2.  Apparatus.  The  apparatus  used  for  measuring  the  gas  permeabil¬ 
ities  listed  in  this  paper  is  described  in  some  detail  by  Brubaker  and 
Kammermeyer  ( 1 ).  A  similar  permeability  apparatus  also  has  been 
described  by  Carson  ( 3 ). 

Briefly,  the  test  consists  of  clamping  the  film  specimen  between  2 
steel  flanges.  These  flanges  are  held  together  by  means  of  a  screw 
press.  The  film  is  supported  on  each  side  by  porous  stainless  steel  discs 
which  are  inserted  in  the  face  of  each  steel  flange  to  support  the  film 
and  act  as  diffusers  for  the  gas.  A  manometer  or  pressure  gauge 
is  used  to  measure  the  pressure  difference,  and  the  temperature  of 
the  surrounding  air  is  measured  on  a  thermometer.  The  pressure  on 
the  inlet  side  is  held  constant  by  a  gas  pressure  regulator.  After 
dynamic  equilibrium  is  reached  (about  20  minutes),  the  rate  at  which 
a  short  column  of  mercury  travels  through  a  section  of  a  30-inch 
length  of  calibrated  1-mm.  glass  capillary  is  observed  to  determine 

prevent6 sticking.  ^°W  A  to  USed  ^  -pillary  to 

3_  Effect  of  temperature  on  permeability  of  polyethylene.  The  effect 
of  temperature  on  permeability  is  more  complex  than  the  pressure  or 

105 


thickness  effects.  Kammermeyer  has  found  the  change  in  P,  the 
permeability  constant,  with  temperature  is  essentially  unpredictable. 
The  permeability  effect  varies  from  film  to  film  and  gas  to  gas.  It 
may  increase  with  temperature,  remain  unchanged,  or  decrease. 

In  most  cases,  the  permeability  varies  exponentially  with  tempera¬ 
ture.  When  the  logarithm  of  the  permeability  is  plotted  versus  the 
reciprocal  of  the  absolute  temperatures,  a  straight  line  results.  Oc¬ 
casionally,  a  combination  of  gas  and  plastic  film  is  encountered  where 
this  straight-lined  relationship  does  not  hold.  This  behavior  cannot 
be  explained  satisfactorily  on  the  basis  of  what  is  now  known. 

Happily,  the  permeability  of  polyethylene  films  decreases  rapidly 
with  a  decrease  in  temperature.  Also  the  straight-lined  relationship 
has  held  in  all  films  tested  to  date,  so  extrapolation  has  been  relatively 
easy. 

Figure  2  shows  how  the  permeability  of  polyethylene  film  to 
various  gases  decreases  with  temperature.  This  decrease,  of  course, 
is  very  significant  in  balloon  work  since  balloons  often  float  at  alti¬ 
tudes  where  the  temperatures  are  minus  50°  to  minus  70°  C.  Actu¬ 
ally,  at  low  temperatures,  the  decrease  in  permeability  became  so 
marked  that  it  became  unimportant,  and  porosity  or  the  number  and 
size  of  holes  in  the  film  became  the  predominating  factor.  As  Figure  2 
illustrates,  the  permeability  at  room  temperature  for  helium  is  about 

1,000  times  what  it  is  at  minus  70°  C. 

Both  molecular  weight  and  film  orientation  appear  not  to  affect 
the  permeability  of  polyethylene  films  to  any  significant  degree.  Thus 
the  actual  permeability  of  polyethylene  should  be  practically  the  same 
regardless  of  manufacturer  or  resin  grade.  The  film  thickness,  of 
course,  is  very  important. 

o* 

z 
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•  CENTIGRADE 

FIGURE  2.  Gas  permeability  for  polyethylene  film. 
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TABLE  4 


Typical  Porosities  of  Various  Plastic  Films 
Permeability  Constant  X  109  (P  =  cc-cm  1  sec-cm2-cm  Hg) 


Film 

Co2 

H2 

02 

IS 

r. 

20°C. 

40  °C. 

20°C. 

40°C. 

20°C. 

40°C. 

20°C. 

40°C. 

Ethyl  Cellulose _ 

4.10 

4.70 

2.60 

4.00 

2.15 

3.40 

0.66 

1.05 

Polyethylene _ 

1.45 

3.20 

0.90 

1.93 

0.32 

.92 

0.11 

0.32 

Polystyrene  _ 

3.50 

3.90 

9.00 

9.20 

2.42 

2.35 

0.78 

0.77 

Vinyl  VB-1920  

1.80 

2.18 

4.99 

5.05 

— 

— 

4.  Permeability  of  other  miscellaneous  films.  Our  studies  were  con¬ 
cerned  primarily  with  polyethylene  films  and  only  complete  low- 
temperature  data  are  available  for  that  film.  However,  some  studies 
were  made  on  other  plastic  films  in  the  higher  temperature  ranges 
and  these  may  be  of  interest.  The  results  of  these  tests  are  listed 
in  Tables  4  and  5.  Table  5  lists  permeability  information  on  Mylar 
(polyester)  film.  This  film  has  been  attractive  for  potential  balloon 
fabrication  partly  because  of  its  very  low  gas  permeability. 


Gas  Porosity  of  Plastic  Films 


As  described  before,  porosity  refers  to  gas  transfer  through  some 
type  of  hole  in  the  plastic  film.  The  true  porosity  of  any  given  film 
is  very  difficult  to  evaluate.  For  one  thing,  it  is  not  uniform  over 
the  plastic  film  but  may  be  extremely  high  in  one'  small  section  and 
non-existent  over  most  of  the  film  surface.  Also,  while  a  film  may 
transfer  gas  only  by  permeation  when  new,  it  may,  if  subjected  to 
mechanical  handling,  develop  minute  holes  and  lose  gas  by  porosity 


1.  Factors  affecting  porosity. 

(a)  Hole  size.  The  hole  size  is  the  greatest  factor  which  affects 
gas  porosity.  Kammermeyer  and  Osborn  have  shown  that  the  rate 
o  porosity  decreases  rapidly  as  the  hole  diameter  decreases.  The  rate 


TABLE  5 

Permeability  of  Mylar  Polyester  Films  at  Various  Temperatures 
P  X  109  (P  —  cc-cm  1  sec-cm2-cm  Hg) 


Helium 
Hydrogen 
Oxygen  .... 
Nitrogen 


0.042  (0.21)' 
0.025  (  .32) 


0.097  (0.70) 
0.058  (1.17) 


•Figures  in  parentheses  list  thT^^— " ^^i^ 
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0.200  (2.00) 
0.120  (3.50) 
Practically  zero 
Practically  zero 


for  polyethylene. 


Calculated  loss  of  lift  of  balloons  due  to  gas  flow  through  pinholes. 


of  gas  transfer  through  holes  0.1  mm.  and  less  is  in  the  range  of 
true  permeability.  Leakage  through  a  1-mm.  hole  is  100  times  greater 
than  leakage  through  a  0.1-mm.  hole.  For  this  reason  our  efforts 
were  directed  toward  finding  only  the  larger  holes  (0.1-mm.  and  up). 
The  effect  of  hole  diameter  on  porosity  is  shown  in  Figure  3.  Here, 
since  we  are  no  longer  evaluating  permeability,  the  term  permeability 
coefficient  is  dropped  and  “loss  in  lift"  is  used  as  a  measure  of  helium 
gas  transfer.  The  actual  volume  of  gas  lost  per  pound  of  lift  lost 

increases  with  altitude.  . 

(b)  Temperature.  At  General  Mills,  we  have  been  primarily 

interested  in  gas  leakage  through  films  to  be  used  in  balloon  fabnca- 
Hon  hence  our  primary  concern  is  for  the  porosity  at  low  empera- 
tures  I?  has  been  shown  earlier  that  permeability  at  low  tempera¬ 
tures  is  only  a  small  fraction  of  what  it  is  at  room  temperature.  Un- 

*“■  "  “n  zs  £ si.,  o. 

volume  rate  ot  gas  transier  uuu  b  .  i  nnnffpcted 

ssss sgsSrsK 

and  it  was  assumed  that  the  porosity  woum 

does  on  permeability. 
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TABLE  6 


EFFECT  OF  PRESSURE  DIFFERENCE  ON  Gas  FLOW  THROUGH  SMALL  HOLES 


(27°C.,  740  mm  Hg) 


Film  Thickness 
(in.) 

Hole  Drain 

(mm) 

D.P. 

(in.  of  water) 

0.0015 

0.2 

0.60 

0.25 

0.10 

0.0035 

0.15 

0.50 

0.25 

0.07 

Rate  of  Helium 
Flow  (cc/min.) 

38.5 

22.4 

10.2 

22.1 

11.0 

4.6 


(d)  Effect  of  flexing.  Plastic  films  in  packaging  encounter  flexing 
often  because  of  mechanical  handling.  This  flexing,  if  severe  enough, 
will  increase  the  porosity  of  the  film.  The  lower  the  temperature  the 
more  this  flexing  will  cause  pinholing  and  hence  increased  gas  poros¬ 
ity.  Polyethylene  film  which  will  stand  almost  unlimited  flexing  at 
room  temperature  will  become  quite  porous  when  flexed  at  minus 
50°  C- 

Table  7  shows  how  the  flexing  increases  porosity  and  also  how 
thicker  films  are  much  more  resistant  to  damage  from  flexing  than 
are  thinner  films.  Films  2  mils,  thick  are  much  superior  to  1-mil. 
films.  The  instrument  used  to  induce  the  mechanical  flexing  is  similar 
to  the  Gelbo-flex  film  tester  but  produces  more  severe  twisting  and 
flexing.  The  instrument  was  especially  designed  by  General  Mills  to 
operate  at  very  low  temperatures.  In  addition  to  evaluating  flex 
resistance,  this  instrument  has  been  found  useful  in  testing  heat 
seals  and  tape  adhesion  at  low  temperatures. 

Laminated  films  have  been  considered  as  a  possibility  for  re¬ 
ducing  gas  porosity.  The  chance  of  two  holes  matching  up  in  a  lamin¬ 
ated  sheet  is  very  slight.  However,  until  recently,  such  laminates  have 
been  completely  unusable  at  low  temperatures.  Either  brittleness  or 
delamination  was  encountered. 


Recently,  however,  some  new  laminate  samples  of  polyethylene  to 
polyethylene,  polyethylene  to  cellophane,  and  Mylar  to  aluminum  foil 


TABLE  7 

Effect  of  Mechanical  Flexing  at  50°  C.  on  Film  Porosity 

(Helium  test  gas) 


Time  of  Flexing 

(min.) 

Loss  Because  of  Flexing 

1  mil.  Film 

2  mil.  Film 

0 

5 

10 

15 

20 

0 

0.26 

0.28 

0.36 

0.48 

0 

0.10 

0.13 

0.17 

0.27 
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have  been  under  investigation  and  appear  to  show  some  promise.  The 
polyethylene  to  cellophane  combination  seems  to  possess  the  desirable 
characteristics  of  each  film.  It  is  completely  transparent  and  combines 
the  low-temperature  characteristics  of  polyethylene  with  the  strength 
characteristics  of  cellophane.  In  our  tests,  however,  we  have  found 
that  rapid  flexing  at  low  temperatures  breaks  the  cellophane  in  isolated 
spots  and  the  sharp  edges  formed  cut  through  the  polyethylene, 
causing  gas  porosity. 

Mylar  to  aluminum  foil  laminates  probably  will  also  be  subject 
to  increase  in  porosity  due  to  flexing  at  low  temperatures  for  the 
same  reason  as  are  polyethylene/cellophane  laminates. 

Mylar  to  aluminum  laminates  also  have  the  undesirable  characteris¬ 
tics  of  being  almost  impossible  to  heat  seal  satisfactorily  just  as  does 
Mylar  alone.  While  bonding  by  heat  is  possible,  the  heat  sealing 
causes  the  film  to  disorient  at  the  seal  and  thus  lose  almost  all  of  its 
strength.  A  “good”  Mylar  seal  might  have,  at  best,  10%  of  the 
strength*  of  the  film  itself.  The  strength  of  Mylar  is  one  of  its  very 
outstanding  properties.  Films  *4  of  a  mil.  thick  are  considerably 
stronger  than  1-mil.  polyethylene  films  even  at  low  temperatures. 
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Discussion 


CHAIRMAN  WEINER: 

Mr.  Pinsky  will  now  discuss  the  data  presented  by  Mr.  Freeman. 


PINSKY: 

You  have  heard  Mr.  Freeman  of  General  Mills  discuss  their  method 
of  measuring  low-temperature  brittleness  of  polyethylene  in  the  form 
of  thin  films.  This  is  a  very  excellent  method  and  one  which  lends 
itself  to  interlaboratory  correlation. 

However,  the  low-temperature  brittleness  values  obtained  on  sheet¬ 
ing  by  the  General  Mills  method  are  not  valid  in  judging  low-tempera¬ 
ture  properties  of  polyethylene  containers,  because,  among  other 
things,  of  the  great  difference  in  thickness.  We  of  Plax  Corporation 
like  to  think  of  the  one-piece  blown  bottle  made  from  high  molecular 
weight  material  as  the  toughest  polyethylene  container  under  all 
conditions.  In  judging  the  low-temperature  properties  of  such  con¬ 
tainers,  the  following  qualities  should  be  considered : 


(a)  Height  of  drop; 

(b)  Contents — weight  and  state  (fluid  or  solid)  ; 

(c)  Thickness  (weight  of  container)  ; 

(d)  Heat  seals  and  thermal  stresses; 

(e)  Location  of  drop  impact  area. 


One  such  qualifying  test  has  been  established  by  the  Interstate 
Commerce  Commission,  part  78,  “Shipping  Container  Specifications,” 
paragraph  78.10-3  (c)  “Polyethylene  carboys,  as  manufactured  and 
filled  to  marked  capacity  with  a  material  which  remains  in  a  liquid 
form,  shall  be  capable  of  withstanding  a  4-foot  drop  without  leakage, 
after  prior  conditioning  for  24  hours  to  at  least  minus  10°  F.  or  lower, 
onto  solid  concrete  so  as  to  strike  diagonally  on  the  bottom  corner.” 


In  order  to  judge  whether  our  carboys  meet  this  ICC  specification, 
we  at  Plax  fill  the  carboys  with  a  mixture  of  water  and  denatured 
alcohol.  For  a  6  (4-gallon  carboy,  the  content  weight  is  approximately 
54  lbs.,  and  for  a  13-gallon  carboy,  the  content  weight  is  about  108  lbs. 


It  is  obvious  that  it  is  necessary  to  use  a  mixture  such  as  alcohol  and 
water  m  order  to  lower  the  freezing  point.  The  interesting  fact  though 
is  that  alcohol  is  a  potent  stress  corrosion  cracking  agent  for  poly¬ 
ethylene  Therefore,  alcohol  represents  about  the  most  damaging 
material  from  a  stress  corrosion  standpoint  that  could  be  packaged 
in  polyethylene.  We  have  not  verified  theory  with  actual  test  data 
but  we  believe  that  a  liquid  with  less  of  a  wetting  action  than  the 

LThe  imp°at  dTotLt t0  ^  ab°Ut  15°  t0  2°°  F*  l0W6r  temPeratures 


a  mafrk0eUdreff^annln4the  C°ntents  fr°m  a  liquid  to  a  s0»d  state  has 
a  marked  effect  on  the  drop  impact  shattering  temperature.  Similarly 


111 


testing  the  carboys  when  empty  gives  a  third  set  of  completely  differ¬ 
ent  values. 


Another  factor  which  is  of  prime  importance  in  low-temperature 
drop  testing  of  polyethylene  containers  is  the  thickness  of  the  con¬ 
tainer  at  the  point  of  impact.  For  carboys  whose  bottom  thickness  is 
of  the  order  of  one  inch,  the  lowest  drop  impact  shattering  tempera¬ 
ture  we  have  obtained  is  minus  35°  F.  For  pint  or  quart  bottles  with 
a  bottom  thickness  of  about  one-fifth  inch,  we  can  get  tests  which 
do  not  establish  failure  until  a  temperature  of  about  minus  65°  F.  is 
reached,  and  for  4-ounce  Boston  round  bottles  with  a  bottom  thickness 
of  around  one-eighth  inch  or  less,  we  have  produced  some  polyethylene 
bottles  that  have  consistently  passed  the  minus  65°  F.  temperature 
test  without  shattering. 


It  has  been  the  practice  to  manufacture  some  polyethylene  bottles 
in  2  or  more  sections  and  then  subsequently  heat  seal  the  components 
to  obtain  a  one-piece  container.  The  heat  seals  in  such  bottles  in- 
variably.fail  first  in  low-temperature  testing  and  do  not  represent  the 
true  ability  of  polyethylene  to  withstand  low-temperature  service.  The 
heat  seal  seems  to  represent  an  area  of  a  very  high  thermal  stress  and 
one  which  does  not  lend  itself  to  annealing  or  heat  treating.  It  is  not 
only  with  heat-sealed  bottles  that  one  finds  failure  first  at  the  seams, 
but  in  the  heat  sealing  of  containers  or  packaging  made  from  thin 
polyethylene  film,  one  finds  similar  failure  at  the  heat  seals. 

In  the  production  of  large  size  polyethylene  containers  (from  one 
quart  up)  it  is  often  very  difficult  to  avoid  the  introduction  of  high 
thermal  stresses  in  the  thicker  sections.  When  such  thermal  sti  esses 
are  present,  they  can  effect  a  worsening  of  the  low-temperature  drop 
point  by  some  35°  or  40°  F.  By  careful  production  practice,  however, 
we  at  Plax  have  found  this  thermal  stress  can  be  kept  at  a  minimum 
or  entirely  avoided. 


As  with  other  containers,  the  results  obtained  in  low-temperature 
testing  are  dependent  upon  the  location  of  the  impact  area.  The  resu  s 
with  those  polyethylene  bottles  which  are  dropped  so  as  to  strike 
diagonally  on  the  bottom  are  quite  different  from  those  obtained  when 
the  container  is  subjected  to  a  flat  bottom  drop,  a  side  t  l0P>  0 
drop  onto  the  neck.  In  general,  it  has  been  found  to  be  good 
to  determine  that  drop  which  is  most  representative  of  usage  con¬ 
ditions  and  to  test  the  low-temperature  performance  of  polyethyl 
containers  by  dropping  them  on  only  one  impact  area. 
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CHAIRMAN  WEINER: 

The  last  paper  of  the  session  is  my  own. 

barrier  materials. 


I  shall  speak  on  flexible 


Loiv-Temperature  Degradation  of  Flexible  Barrier  Materials 


HOWARD  M.  WEINER: 

The  problem  of  low-temperature  performance  of  Ordnance  packing 
materials  is  not  quite  as  clean-cut  and  well  defined  as  is  the  low- 
temperature  performance  requirements  for  other  Ordnance  material. 
When  one  speaks  of  the  performance  of  a  gun  or  tank  motor  at  a 
specified  temperature,  the  meaning  is  clear.  The  gun  must  fire,  and 
the  motor  must  run.  However,  the  ability  of  a  barrier  material  to 
perform  at  low  temperatures  is  complicated  by  the  several  functions 
that  a  barrier  is  called  upon  to  execute.  The  point  of  view  that  has 
been  maintained  in  the  work  on  flexible  barriers  done  at  Picatinny 
Arsenal  with  respect  to  low-temperature  capabilities  is  that,  although 
a  package  is  not  going  to  be  prepared  at  sub-zero  temperatures,  it 
possibly  will  be  transported,  handled,  and  stored  at  these  tempera¬ 
tures.  During  this  time,  the  barrier  will  be  subjected  to  stresses 
that  will  cause  tearing,  rupture,  delamination,  etc.,  unless  provision 
has  been  made  to  prevent  this  breakdown.  This  in  turn  possibly  will 
produce  holes,  rips,  tears,  etc.,  in  the  barrier,  thus  destroying  the 
prime  function  of  the  material  to  retain  preservative  compounds  on 
the  packaged  part  or  to  prevent  ingress  of  water  or  water  vapor. 
The  question  may  then  be  raised  as  to  whether  we  are  exaggerating 
the  importance  of  maintaining  our  desired  degree  of  protection.  After 
all,  water  solidifies  at  32°  F.,  so  how  can  it  penetrate  a  package? 
Without  disputing  the  mass  of  data  that  has  been  accumulated  on  the 
freezing  point  of  water,  it  should  be  pointed  out  that  the  freezing 
point  of  sea  water  with  which  the  package  may  come  in  contact  is 
considerably  lower  and  so  penetration  by  sea  water  is  possible. 

Similarly,  the  pour  point  requirement  for  several  preservative  oils 
lies  in  the  range  of  minus  50°  F.  to  minus  70°  F.,  so  the  possibility  of 
kiss  of  preservative  through  package  failure  must  also  be  considered. 

ut  of  more  importance  than  loss  of  preservative  oil  or  entry  of  water 
at  low  temperature  is  the  consideration  that  a  ruptured  barrier  may 
be  further  transported  to  warmer  climates  (or  the  temperature  of 
its  environs  may  be  raised)  so  that  the  above  hazards  become  much 
more  pronounced  and  a  real  threat  to  the  safety  of  the  packaged 


tinnTh!?0^  then  haV€:  been  t0  simulate  the  breakdown  and  degrada- 

itsabflitv  tTrPtTi W0.uld,  under^°  at  low  temperature  and  then  to  test 
ts  ability  to  retain  its  barrier  property  at  normal  temperatures 

bp  consider  how  this  has  been  attempted,  it  might  possibly 

th«tfnbenefilt0f  GXamine  the  re£ulatkns,  as  set  forth  in  SR  705-70-5 
that  prescribe  temperature  limits  for  Army  material  Thic  a 

entitled  -Operation  and  Protection  of 
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a. 


(2) 


ditions  of  Temperature,”  lists  several  temperatures  for  consideration 
with  respect  to  low-temperature  performance. 

“Objective. — In  furtherance  of  the  Department  of  the  Army  aim  the 
following  ultimate  objectives  are  established  for  research  and 
development  of  material : 

Equipment  and  supplies  required  for  the  conduct  of  military  opera¬ 
tions,  except  as  indicated  herein,  must  be  capable,  either  inherently 
or  by  means  of  simple  or  proven  techniques,  of  satisfactory  perform¬ 
ance  at  any  air  temperature  from  minus  65°  F.  to  125°  F.,  and  must 
be  capable  of  safe  storage  at  temperatures  as  low  as  minus  80°  F. 
or  as  high  as  160°  F.  Time  and  exposure  limitations  for  these  ex¬ 
tremes  are  prescribed  in  paragraphs  2  and  3. 

Functioning  of  material. 

Basic  functioning. 

(1)  All  equipment  and  supplies,  except  those  items  and  classes 
described  in  paragraph  7,  required  for  conduct  of  military 
operations  in  temperate  zones  shall  be  designed  to  have 
the  inherent  capability  of  acceptable  performance  within 
an  air  temperature  range  extending  from  125°  F.  (mini¬ 
mum  exposure  of  4  hours  with  full  impact  of  solar  radia¬ 
tion,  360  BTU/Ft  Sq/Hr)  to  minus  25°  F.  (minimum  ex¬ 
posure  of  3  days  without  benefit  of  solar  radiation) . 
Certain  equipment,  particularly  that  in  general  use,  can  be 
designed,  with  relatively  small  increase  in  cost  and  without 
material  increase  in  size  and  weight,  to  have  the  inherent 
capability  of  acceptable  performance  in  air  temperatures 
down  to  minus  40  F.  The  military  characteristics  of 
such  equipment  should  specify  this  lower  temperatuie 

requirement.  .  „ 

b.  Special  functioning. — Equipment  and  supplies  required  or 

operation  in  the  colder  range  of  minus  25°  F.  to  minus  65°  F.  (ex¬ 
posure  for  at  least  3  days,  without  benefit  of  solar  radiation)  may  be 
either  designed  as  specialized  items  of  equipment  or  provided  with 
special  accessories  and  kits  to  extend  the  basic  functioning  range. 

3  Storage.— a.  All  storable  military  material  must  be  susceptible  of 
safe  storage  and  transportation  without  permanent  impairment  of  its 
capabilities  from  the  effects  of  temperature.  The  temperatures  for 
storage^urp^ses  are: ^ _m.nus  ^  p  ^  of  at  least  3  days 

This  fra  “k  within  which  we  work  was  further  supplemented 
hv  OCM  #34078,  dated  3  January  1952,  which  reads.  .  .  , 

by  °  \h  currently  approved  military  characteristics  whmh  .nclud 
a  reference  to  conditions  of  extreme  temperature  will  be  re 
viewed  to  insure  that  they  are  in  consonance  with  the  relax 
requirements  outlined  in  Paragraph  2  of  SR  705-70-5. it  wm 
be  noted  that,  in  some  cases,  the  logical  military  characteristics 
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require  inherent  capability  of  acceptable  performance  to  in¬ 
clude  only  minus  25°  F.  Certain  other  equipment,  particularly 
that  in  general  use,  will  have  the  lower  limit  changed  from 
minus  25°  F.  to  minus  40°  F.  if  that  requirement  can  be  met 
without  undue  additional  cost  and  without  compromising  other 
more  desirable  characteristics.” 

A  letter  from  Office,  Chief  of  Ordnance,  dated  19  September  1952, 
further  states  that  tests  such  as  creasing,  flexing,  etc.,  performed  at 
minus  25°  F.  meet  the  requirements  of  SR  705-70-5.  However,  the 
material  is  required  to  withstand  vibration  (transportation)  and  re¬ 


moval  at  minus  80°  F. 

With  the  above  information  as  a  background,  let  us  now  examine 
how  military  barriers  are  tested  for  satisfactory  performance  at  low 
temperatures. 

The  only  fully  coordinated  JAN  or  MIL  specifications  on  military 
barriers  that  currently  contain  a  provision  for  low-temperature  tests 
are  JAN-P-117,  Interior  Packaging  Bags;  MIL-P-116B,  Methods  of 
Preservation;  and  MIL-B-131B,  Water  Vaporproof  Barrier  Materials. 
The  first  2  specifications  do  not  contain  a  low-temperature  test  per  se 
but  incorporate  a  low-temperature  phase  in  a  cyclic  performance  test. 
Both  specifications  contain  the  same  cycle,  but  differ  in  the  type  of 
pack  tested.  Specification  MIL-P-116B  tests  completed  packs,  as  pre¬ 
pared  for  shipment,  which  may  involve  greaseproof,  waterproof,  and 
water  vaporproof  barriers,  while  specification  JAN-P-117  tests  water¬ 
proof,  greaseproof,  or  water  vaporproof  bags,  unprotected  by  cartons 
or  other  overwrapping.  To  pass  this  test,  specification  MIL-P-116B 
requires  that  the  material  within  the  unit  package  shall  show  no  signs 
of  damage  or  operational  malfunction  as  a  result  of  the  test”  while 
specification  JAN-P-117  stipulates  that  “bags  shall  show  no  presence 
of  water,  soggy  or  wet  material  within  the  package,  or  any  evidence 
of  corrosion  or  discoloration  on  the  cylinder  plate  surfaces  (which 
are  used  as  a  dummy  load  in  the  bag),  or  any  evidence  of  grease  or 
oil  penetration  (the  dummy  load  having  been  dipped  in  dyed  medium 
preservative  oil  before  insertion  into  the  bag)  on  the  cylinder  or  plate 
surfaces,  or  any  evidence  or  oil  penetration  through  the  material  or 
through  the  seals  or  closures  to  the  outside  of  the  bag  ”  The  cvcle 
involved  in  these  tests  is : 

(a)  4  hours  at  120°  to  130°  F. 

(b)  2  hours  at  70°  to  90°  F. 

(c)  2  hours  at  0°  to  minus  10°  F. 

(d)  overnight  at  35°  to  50°  F. 

Repeat  this  for  S  consecutive  times,  then  continue  as  below 

(e)  4  hours  at  120°  to  130°  F. 

(f)  2  hours  at  70°  to  90°  F. 

(g)  2  hours  of  tap  water  spray  at  approximately  60°  F 

(h)  overnight  at  35°  to  50°  F. 

Repeat  the  second  cycle  4  consecutive  times. 
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It  might  be  pointed  out  that  Picatinny  Arsenal’s  Packing  Section  ia 
currently  experimenting  with  a  revision  of  this  cycle  to  bring  the 
low-temperature  phase  (and,  incidentally,  the  elevated  temperature 
phase,  also)  into  closer  agreement  with  the  requirements  of  SR 
705-70-5,  particularly  as  applied  to  interior  packaging  bags.  However, 
since  this  program  has  only  recently  gotten  under  way,  no  definite 
results  or  conclusions  can  be  given  here. 

Turning  next  to  water  vaporproof  barriers,  one  finds  that  the 
immediate  predecessors  of  the  current  specification  for  this  material 
also  contained  a  low-temperature  exposure  as  part  of  a  cyclic  perform¬ 
ance  test.  Specification  JAN-P-131  required  desiccated  packs  to  be 
made  up  in  accordance  with  Method  Ila  (floating  bag),  lib  (con¬ 
tainer-barrier-container),  lie  (cushioned  item  bag),  or  Method  lie 
(container  overwrap)  of  specification  JAN-P-116  for  Class  A,  Class 
B,  Class  D,  or  Class  C  water  vaporproof  barrier  material,  respectively. 
These  packages  were  then  subjected  to  an  8-day  cyclic  exposure  test 
involving  among  other  exposures  three  2-hour  storage  periods  at 
minus  *20°  F.,  the  last  of  which  was  followed  by  6  falls  of  the  packs 
in  a  14-foot  box  testing  rotating  drum.  Half  of  the  packs  were  opened 
after  this  8-day  test  and  examined  for  water  penetration,  and,  if  they 
were  found  to  be  satisfactory,  the  remaining  3  packs  were  exposed  to 
high  temperature  and  humidity  for  30  days,  and  then  resubjected  to 
the  8-day  cyclic  test  described  before.  After  this  test,  the  gain  in 
weight  of  the  desiccant  was  determined.  To  pass  this  test,  it  was 
required  that  no  liquid  water  be  found  in  more  than  one  pack  and 
not  more  than  one  pack  show  a  moisture  pick-up  in  excess  of  15%. 
Amendment  3  to  this  specification  changed  the  cyclic  test  by  raising 
the  temperature  of  elevated  temperature  exposure,  decreasing  the 
number  of  test  packs  from  6  to  4,  decreasing  the  time  of  high  temper¬ 
ature  and  humidity  exposure,  and  deleting  the  second  8-day  exposure 
period.  However,  the  low-temperature  phases  were  unchanged. 

Specification  MIL-B-131A,  which  superseded  specification  JAN-F- 
131,  also  revised  the  cyclic  performance  test.  Four  test  specimens 
were  fabricated  as  before  (except  that  Class  C  material  was  deleted) 
into  either  Method  Ila,  lib,  or  lie  packs,  as  applicable  for  the  partic¬ 
ular  class  of  material  undergoing  test  and  su^ecte^^stfpt^Daenra8t'u  J 
cycle  test  involving  water  spray,  rough  handling,  high  temperatuie, 
and  humidity  and  three  2-hour  periods  of  exposure  at  minus  65  F., 

the  last  of  which  was  followed  by  6  falls  in  the  rotating  drum.  ?}} 
was  followed  by  10  days  exposure  at  high  temperature  and  humi  i  y 
aTd  th°en°  aerepyetition  ^f  the  8-day  cycle  ^ui^ta  for^J 
this  test  were  that  “the  barrier  material  .  .  .  shall  not  permit 
entrance  of  liquid  water  and  the  moisture  content  of  the  enclose 

desiccant  after^yclic  exposure  tests  shall  be  not  more  than  15% 
desiccant  y  following  the  second  cycle  exposure  test. 

to  minus  65°  F.  in  accordance  with  provisions  of  SR  705  70  5. 
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might  also  be  of  interest  to  describe  briefly,  at  this  point,  some 
typical  water  vaporproof  barrier  materials  that  qualified  under  this 
specification.  A  typical  Class  A  sheet  was  of  4-ply  construction  con¬ 
sisting  of  a  cotton  scrim  bonded  to  aluminum  foil  (generally  about 
0.001-inch  thick)  with  polyethylene  (0.0010  to  0.0015  inches)  and  a 
vinyl  film  facing  (0.0010  to  0.0015  inches)  on  the  other  side  of  the 
foil.  Class  B  (40-lb.  load  limit)  sheets  were  quite  similar  to  Class  A, 
while  Class  B  sheets  for  load  limits  under  40  lbs.  and  Class  D  mate¬ 
rials  were  usually  made  of  3  plies,  a  cotton  scrim  (or  flat  or  creped 
kraft  paper)  as  a  backing  bonded  to  0.0010-inch  aluminum  foil  and  a 
0.0010  -  0.0015-inch  vinyl  heat  sealable  face  on  the  other  side  of  the 
foil.  The  past  few  years  have  also  seen  the  advent  of  a  3-ply  Class  A 
material,  where  0.001-inch  foil  was  faced  on  one  side  by  cotton  scrim 
and  on  the  other  side  by  0.0035-inch  polyethylene. 

The  latest  specification  on  water  vaporproof  barriers  (specification 
MIL-B-131B)  contains  3  low-temperature  tests.  The  first  is  the  same 
cyclic  performance  test  that  was  prescribed  in  specification  MIL-B- 
131A.  The  second  is  a  flex  test  at  minus  20°  F.,  and  the  third  a  test  for 
resistance  to  vibration  at  minus  65°  F.  The  background  of  these 
latter  2  tests  is  discussed  in  full  in  Naval  Air  Material  Center  Report 
No.  AML  NAM  25730.1,  Part  IV,  14  Nov  1951,  by  Saul  Shapiro  and 
Philip  A.  Gelber.  The  following  information  is  abstracted  from  that 
report,  which  in  turn  is  the  basis  for  most  of  the  tests  in  specification 
MIL-B-131B  and  which  was  prepared  by  the  Naval  Air  Experimental 
Station,  Philadelphia — the  agency  that  prepared  this  specification. 
The  test  temperatures  of  minus  20°  F.  and  minus  65°  F.  were  estab¬ 
lished  on  the  basis  that  the  former  would  be  the  lowest  temperature 
at  which  packaging  operations  conceivably  might  be  conducted  and 
the  latter  as  the  lowest  temperature  which  might  be  anticipated  in 
storage  and  shipment  of  packages.  The  first  phase,  simulating  appli¬ 
cation  of  a  barrier  envelope  or  container,  is  accomplished  by  flexing 
a  cylinder  of  the  material  by  means  of  the  Gelbo-Flexer  at  minus  20°  F. 
This  machine  was  devised  to  simulate  the  creasing,  flexing,  and 
handling  a  barrier  would  get  under  service  conditions  of  preparing 
a  package.  The  apparatus  consists  essentially  of  a  3V2-inch  diameter 
stationary  head  and  a  3i/>-inch  diameter  movable  head  space  at  a 
distance  of  7  inches  from  face  to  face  at  the  starting  position  of  the 
S  ?e'rruThe  specimen-supporting  shoulders  on  heads  are  i/>-inch 
wide.  The  motion  of  the  movable  head  is  controlled  by  a  grooved'shaft 
to  which  it  is  attached.  For  the  full  stroke,  for  use  in  testing  Class  1 
mtenals  only,  the  groove,  is  so  designed  as  to  give  a  twisting  motion 

f  i|4  °  ,i  ln  the,  first  3 '/-  mclles  of  the  stroke  of  the  movable  head 
followed  by  a  straight  horizontal  motion  of  2>/>  inches.  The  motions  of 
the  movable  head  are  uniform  except  for  that  portion  where  the 
rotary  motion  is  changing  to  straight  translational  motion.  The  motion 

nd^trnChs,tnreokesreFoPrr0tha''  h  'W  ?*****  *  « 

na  return  strokes.  For  the  short  stroke,  for  use  in  testing  Class  2 
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materials  only,  the  movable  head  travels  only  3*4  inches  in  each  direc¬ 
tion  from  the  same  starting  point  for  the  full  stroke  so  that  only 
the  rotational  portion  of  the  full  stroke  is  utilized.  This  should  give  a 
twisting  motion  of  400°.  The  flexing  for  both  Class  1  and  Class  2 
materials  shall  be  run  at  a  speed  of  40  cycles  per  minute. 

Before  discussing  this  test  further,  it  might  be  appropriate  to 
distinguish  between  the  classes  in  this  specification.  Class  1  material 
is  intended  to  be  used  in  all  packaging  applications  where  flexible 
water  vaporproof  barrier  materials  are  required.  Class  2  material 
is  suitable  for  use  for  packages  where  the  combined  weight  inside  the 
barrier  does  not  exceed  10  pounds,  and  where  the  combined  dimen¬ 
sions  (length,  width,  and  depth)  do  not  exceed  40  inches.  Class  2 
materials  should  not  be  used  in  floating  bag  applications  nor  in 
packaging  operations  under  low-temperature  conditions  (less  than 
32°  F.).  Therefore,  the  balance  of  the  discussion  of  the  flex  test  will 
be  restricted  to  Class  1  since  Class  2  materials  are  not  required  to 
pass  a  low-temperature  flex  test.  Samples  for  test  are  prepared  by 
cutting  two  12-  by  8-inch  specimens  from  each  principal  direction  of 
the  barrier  material  and  heat  sealing  the  8-inch  edges  of  a  specimen 
together,  thus  forming  a  cylinder  or  sleeve  8  inches  long  and  3(4 
inches  in  diameter.  The  sleeve  is  positioned  on  the  circular  heads  of  the 
flexer  and  secured  tightly  by  circular  clamps.  It  is  then  flexed  for  20 
cycles  with  a  full  6-inch  stroke.  In  actual  test,  this  procedure  is  em¬ 
ployed  at  room  temperature  on  “as  received”  material,  on  material 
subjected  to  an  aging  cycle,  and  on  specimens  that  are  conditioned  for 
at  least  one  hour  at  minus  20°  F.  and  then  flexed  at  that  temperature. 
At  Picatinny  Arsenal  the  latter  condition  is  attained  by  enclosing  the 
sleeve  and  heads  in  an  insulated  box  and  blowing  air,  cooled  by  dry  ice 
in  an  adjacent  chamber,  over  the  enclosed  portion  of  the  apparatus. 
Temperature  control  is  maintained  by  a  series  of  dampers,  and  con¬ 
stant  temperatures  as  low  as  minus  65°  F.  have  been  maintained  b> 
this  system  in  some  experimental  work  done  at  Picatinny  Arsenal. 
After  flexing,  the  sleeve  is  made  into  a  pouch  by  heat  sealing  one  end, 
and  its  water  vapor  transmission  rate  at  100  F.  and  90%  to  95% 
relative  humidity  determined  by  inserting  a  bag  of  calcium  chloride 
in  the  pouch,  heat  sealing  the  other  end,  and  exposing  the  pouch  to  the 
above  conditions  for  approximately  64  hours  after  conditioning  f 
24  hours  at  these  conditions.  To  pass  the  specification  requirement 
for  low  temperatures,  at  least  3  of  the  4  specimens  «ed  a  ™ 
20°  F.  are  required  to  have  a  maximum  W\  TR  of  0.50  g.  per 

SC* Tllis  flex' testTs  quite'sOTere  and  results  in  considerable  breakdown 
of  the  water  vaporproof  protection  afforded  by  the  barrier  mater  a  . 
A  measure  of  its  severity  may  be  obtained  by  compann*  he  WVTR 
requirements  for  material  flexed  at ^room 
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TABLE  1 


Comparison  of  WVTR’s  on  Flexed  Samples 


Material 

No. 

Unaged 

Aged 

— 20  °F. 

Increase  of  — 20  °F.  Flexed 

Samples  Over  Unaged 
Flexed  Samples 

1 

0.11 

0.13 

0.16 

1.5 

2 

0.08 

0.08 

0.16 

2.0 

3 

0.08 

0.11 

0.48 

6.0 

4 

0.08 

0.10 

0.17 

2.1 

B 

0.14 

0.17 

0.45 

3.2 

6 

— 

— 

0.70 

— 

7 

0.10 

0.08 

1.10 

11.0 

8 

0.10 

0.10 

3.00 

30.0 

9 

0.13 

0.20 

2.75 

21.2 

missible  increase  of  700%.  Additional  data  on  the  degradation  of  the 
barrier  during  the  minus  20°  F.  flex  test  are  given  in  Table  1.  This 
table  shows  WVTR’s  on  9  barriers  flexed  under  the  3  conditions  of 
the  specification — namely,  unaged  at  room  temperature,  aged,  flexed 
at  room  temperature,  and  flexed  at  minus  20°  F.  For  ease  of  compari¬ 
son,  each  value  recorded  is  the  average  of  4  individual  specimens,  2 
in  each  principal  direction.  The  last  column  of  this  table  shows  the 
increase  in  WVTR’s  of  low-temperature  flexed  samples  over  unaged 
samples  flexed  at  room  temperature  expressed  as  a  ratio.  These  data 
show  that  the  breakdown  of  water  vaporproof  barriers,  when  flexed  at 
low  temperatures,  is  from  1.5  times  to  30.0  times  as  great  as  when 
the  same  material  is  flexed  at  room  temperature. 

Turning  now  to  the  vibration  at  minus  65°  F.  test,  specification 
MIL-B-131B  simulates  the  vibratory  action  a  package  might  be  sub¬ 
jected  to  during  rail  transport  by  means  of  an  apparatus  developed 
by  the  Naval  Air  Experimental  Station.  At  Picatinny  Arsenal  the 
entire  apparatus  is  placed  in  a  low-temperature  cabinet  to  attain  the 
necessary  temperature  of  minus  65°  F.  Three  specimens,  5  by  14i/2 
inches  are  to  be  cut  from  the  material  to  be  tested.  The  specimens 
are  sealed  along  the  5-inch  dimensions  and  the  sleeve  thus  formed 
conditioned  for  a  minimum  of  one  hour  at  a  temperature  of  minus 
*  •  F-  The  heat-seal  edge  of  the  conditioned  sleeves  is  inserted 
in  the  damp  of  a  vibration  apparatus  to  a  depth  of  iy4  inches  leaving 

.  free  ma^enal-  The  bottom  of  the  clamp  is  approximately 

5  inches  above  the  base  of  the  apparatus  when  the  clamp  is  in  the 

Ind^L1308^10?'  A  4"lnch  diameter  rod  is  inserted  through  the  sleeve 
and  the  rod  clamped  to  the  base  of  the  apparatus  directly  under  and 

”  subjected  ^to  theT  ^  fus.65°  F  temperature,  the  sleeve 

subjected  to  the  resultant  vibration  caused  by  a  reciprocating 

vertical  motion  of  the  clamp.  The  amplitude  of  motion  of  the  damn 
*'*  •>— «*  <* 
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TABLE  2 

Comparison  of  WVTR  Values  When  Point  Flexed  at  Sub-Zero  Temperatures 


No.  of  Stokes 

— 20°F. 

— 40  °F. 

— 65  °F. 

10 

0.05 

0.07 

0.05 

20 

0.03 

0.08 

0.07 

40 

0.06 

0.07 

0.09 

80 

0.15 

0.13 

0.15 

cracks,  holes,  or  other  defects.  All  3  specimens  have  to  pass  this  test 
for  the  material  to  be  satisfactory.  Presence  of  holes  is  detected  by 
cutting  the  sleeve  to  form  a  flat  sheet  and  then  brushing  the  heat-seal 
face  with  a  water  solution  of  a  wetting  agent  and  a  dye.  Penetration 
of  the  solution  to  the  backing  surface  of  the  material  is  evidence  of  a 
hole  (liquid  leaker). 

Leaving  specification  tests  for  a  while,  I  should  like  to  mention 
some  of  the  research  work  being  done  at  Picatinny  Arsenal  in  connec¬ 
tion  with  low-temperature  testing  of  water  vaporproof  barriers.  I 
think  everyone  concerned  will  agree  that  the  cyclic  performance  test 
of  specification  MIL-B-131B  is  lengthy,  time  consuming,  and  ex¬ 
pensive.  Therefore,  we  have  endeavored  to  come  up  with  a  rapid, 
easily  performed  test  that  will  parallel  the  results  obtained  in  the 
cyclic  test  with  a  view  of  deleting  the  latter  and  substituting  our  new 
test.  Examination  of  barrier  bags  and  envelopes  that  have  gone 
through  the  cyclic  performance  test  reveals  that  by  far  the  greatest 
wear  and  tear  on  the  material  is  at  the  corners,  the  flat  sides  remain¬ 
ing  virtually  intact.  To  simulate  this  degradation,  Mr.  R.  Evans  of 
Picatinny  Arsenal  has  evolved  a  point  flex  test  whereby  a  12-  by  8-inch 
specimen  is  folded  in  half  giving  a  sample  12  by  4  inches,  and  in  turn 
folded  in  half  again  to  give  a  12-  by  2-inch  sample.  This  12-  by  2-inch 
folded  specimen  is  then  folded  6  times  at  right  angles  to  the  initial 
folds  in  accordion  style.  This  sample  is  then  subjected  to  a  weight  of 
10  pounds  to  insure  proper  creasing.  First  attempts  to  break  down  the 
water  vaporproofness  of  the  creased  sample  by  flexing  parallel  to  the 


TABLE  3 

Comparison  of  Cyclic  Performance  Test  and  Point  Flex 
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Gelbo-flex  stroke,  good  correlation  between  our  point  flex  test  an 
the  cyclic  performance  test  was  obtained.  As  in  the  Gelbo-flex  test, 
breakdown  of  the  barrier  is  measured  by  fabricating  a  pouch  from 
the  flexed  sample  and  determining  the  WVTR  of  the  pouch.  Table  2 
shows  WVTR  values  on  samples  of  the  same  barrier  flexed  at  various 
temperatures  for  10,  20,  40,  and  80  strokes,  each  value  being  the 
average  of  3  separate  determinations.  These  data  indicate  no  ap¬ 
preciable  difference  among  samples  flexed  at  minus  20°  F.,  minus  40° 
F.,  or  minus  65°  F.,  and  also  no  appreciable  difference  in  the  number 
of  strokes  until  80  strokes  are  used.  Based  on  these  preliminary  data 
many  materials  have  been  subjected  to  this  test  at  a  temperature  of 
minus  65°  F.  using  an  80  stroke  cycle.  Table  3  compares  WVTR 
values  of  materials  so  flexed  with  cyclic  performance  test  data,  the 
latter  expressed  as  percentage  increase  in  weight  of  silica  gel  in  the 
test  packages.  Each  value  in  the  table  is  an  average  of  4  determina¬ 
tions.  Although  1007^  parallelism  has  not  been  obtained,  the  general 
trend  of  increased  WVTR  with  increasingly  poor  performance  in  the 
cyclic  test  is  apparent.  Further  work  is  currently  in  progress  on  this 
test,  but  lack  of  time  prevents  further  discussion  here.  Before  leav¬ 
ing  this  topic  though,  I  should  like  to  point  out  that  a  similar  paral¬ 
lelism  between  cyclic  performance  test  data  and  WVTR  on  samples 
flexed  at  minus  20°  F.  in  accordance  with  specification  MIL-B-131B 
has  also  been  obtained. 

In  addition  to  our  work  on  a  flex  test  to  replace  the  cyclic  perform¬ 
ance  test  for  water  vaporproof  barriers,  an  investigation  has  been 
started  recently  to  determine  seam  strength  of  various  barriers  at 
low  temperatures.  The  maxim  that  “a  chain  is  no  stronger  than  its 
weakest  link”  is  quite  applicable  to  the  use  of  heat-sealable  barrier 
materials.  In  a  great  many  cases,  the  weak  link  has  been  found  to  be 
the  seam,  and,  of  course,  a  water  vaporproof  package  becomes  worth¬ 
less  when  water  vapor  can  enter  through  a  poor  seam.  Currently, 
specifications  MIL-B-131B  and  JAN-P-117  provide  for  determination 
of  the  worth  of  a  seam,  the  former  by  means  of  a  measurement  of  the 
ability  of  a  seam,  one  inch  in  width,  to  support  a  static  load  of  2 
pounds  at  100  F.  for  one  hour  and  a  load  of  10  ounces  at  160°  F.  for 
one  hour,  plus  a  seam  continuity  test,  wherein  a  pouch  is  filled  with 
dyed  water  and  observation  for  leakage  at  the  seams  is  made  after 
one  hour  at  room  temperature.  Specifications  JAN-P-117  tests  onlv 


for  ability  of  seams  of  a  bag  to  resist  penetration  by  water  and  oil  at 
room  temperature  and  140°  F.,  respectively.  Neither  of  these  speci- 
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quent  loss  of  package  protection  when  the  temperature  rises  or  the 
package  is  transported  to  a  warmer  environment.  Since  seam  strength 
appears  to  be  the  prime  factor  involved,  our  work  to  date  has  con¬ 
sisted  of  testing  seams  by  means  of  the  static  load  test  at  minus  25°  F., 
minus  40  F.,  and  minus  65°  F.  Representative  materials  under  spec¬ 
ifications  MIL-B-131B  and  JAN-P-117  (with  a  few  heat-sealable 
waterproof  barriers  added  for  good  measure)  were  heat  sealed  and 
tested  to  see  if  seams  would  support  a  2-pound  and  a  10-ounce  weight 
at  these  temperatures.  Unaged  material  and  material  aged  at  160°  F. 
and  60%  relative  humidity  for  3  days  were  tested  as  well  as  seams 
made  from  unaged  material  and  then  aged  at  160  F.  and  60%  relative 
humidity.  Heat-sealable  faces  consisted  of  saran  film  (0.002  inch), 
vinyl  films  (0.001  inch),  vinyl  coatings,  and  polyethylene  films 
(0.0018-.0040)  on  either  aluminum  foil  or  paper  backings.  Tests  are 
still  in  progress  and  few  definite  conclusions  can  be  drawn  but  the 
present  indications  are : 

(a)  The  majority  of  heat-sealable  barrier  materials  that  have 
satisfactory  seam  strength  at  elevated  and  room  temperatures  also 
have  satisfactory  seals  at  minus  25°  F.,  minus  40°  F.,  and  minus 
65°  F. 


(b)  When  barrier  materials  are  aged,  the  seam  strengths  at  low 
temperatures  are  diminished. 

(c)  Therefore,  since  barrier  material  is  normally  stored  for  what 
may  be  a  considerable  period  of  time  between  date  of  manufacture 
and  date  of  use,  provision  should  possibly  be  made  for  a  seam  strength 
test  at  low  temperatures  (possibly  minus  65°  F.)  as  well  as  for  tests 
at  elevated  temperatures  in  barrier  material  specifications  where 
seam  strength  is  a  consideration. 


The  discussion  so  far  has  concerned  itself  with  current  specifica¬ 
tions.  However,  as  some  of  you  are  aware,  Picatinny  Arsenal  has 
recently  prepared  drafts  of  several  specifications  that  we  hope  will 
be  issued  in  the  near  future.  Two  of  these,  specification  MIL-B-121A 
on  greaseproof  barrier  material,  superseding  specification  JAN-B- 
121  and  specification  MIL-B-00125  (Ord)  on  all  temperature  water- 
proof  barrier  material,  contain  a  low-temperature  test.  Following 
the  basic  principle  of  simulating  low-temperature  service 
with  subsequent  test  of  retention  of  barrier  properties  at  normal 
temperatures,  the  tests  involve  flexing  a  specimen  over _  a  A-m  h 
mandrel  through  a  180°  bend  at  minus  25  F. (20  F.  for  Grade  C 
greaseproof  barriers)  and  then  testing  the  flexed  specimen  for  gre< . 
proofness  or  waterproof  ness,  as  appropriate.  The  argument  may  be 
Advanced  that  a  mandrel  flex  does  not  appear  to  simu late  use  * 
finnts  However  the  storv  of  the  evaluation  of  this  test  over  a  perum 
of  several  years  possibly  might  clarify  this  point.  Initia  ow-  em- 
perature  tests  consisted  of  placing  a  diagonal  crease  in  a  4  by  4-mch 
specimen  at  sub-zero  temperature  by  means  of  a  5-poumi  ueig 
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followed  by  a  similar  diagonal  crease  perpendicular  to  the  first  one. 
Specimens  were  then  tested  for  greaseproof  ness  or  waterproofness. 
Grade  C  greaseproof  barriers  were  tested  at  SZ  r zu  r 
minus  10°  F„  and  minus  20°  F.;  other  barriers  were  creased  at  minus 
65°  F  The  greater  majority  of  the  Grade  C  materials  were  able  to 
meet  this  test  at  32°  F.  and  20°  F.  but  failed  at  lower  temperatures. 
Results  on  Grade  A  greaseproof  barriers  and  on  waterproof  barriers 
showed  variable  results  with  practically  all  constructions  except  poly¬ 
ethylene  and  plasticized  vinyl  types  failing  to  meet  this  test.  Con¬ 
tinuing  tests  on  the  Grade  A  greaseproof  and  wateipioof  mateiials 
generally  eliminated  all  materials  except  those  of  polyethylene  con¬ 
structions.  These  results,  plus  realization  that  a  crease  test  at  minus 
65°  F.  was  unrealistic,  led  to  an  investigation  of  a  180°  flex  test 


at  minus  25°  F.,  minus  40°  F.,  and  minus  65°  F. ;  a  90°  flex  around  a 
square  mandrel  at  these  temperatures;  and  a  “clam-sheir  flex  at 
minus  65°  F.  The  latter  test  consisted  of  creasing  a  4-  by  8-inch 


sample  at  room  temperature  perpendicular  to  the  8-inch  side  unfold¬ 
ing  so  that  a  90°  bend  would  be  made  in  the  sample  and  then  flexing 
the  legs  so  formed  through  an  angle  of  about  20°  twenty  times  at 
minus  65°  F.  so  that  the  2  legs  would  approximate  the  action  that 
the  sides  adjacent  to  the  edge  of  a  package  might  get  during  trans¬ 
portation  at  this  temperature.  The  latter  was  considered  a  more 
suitable  test  as  it  simulated  package  preparation  at  normal  temper¬ 
ature  and  exposure  at  low  temperatures.  The  results  of  this  study 
showed  a  good  degree  of  correlation  between  the  “clam-shell”  flex  and 
the  mandrel  flex  tests  at  minus  25°  F.,  and  since  the  latter  is  more 
easily  performed  as  a  laboratory  test,  it  was  decided  to  incorporate 
it  into  the  proposed  specifications  with  a  similar  test  for  Grade  C 
greaseproof  barriers  at  20°  F.  for  sake  of  uniformity. 


The  above  discussion  has  summarized  only  the  highlights  of  some 
of  the  work  that  has  been  done  and  is  continuing  on  barrier  materials 
to  insure  that  they  will  be  suitable  for  use  under  low'-temperature  con¬ 
ditions.  Much  remains  to  be  done.  For  example,  we  are  still  interested 
in  developing  wax  coated  Grade  C  greaseproof  barriers  that  will  be 
functional  at  increasingly  lower  temperatures  and  still  retain  their 
self-sealing  and  moldability  characteristics  at  normal  and  elevated 
temperatures.  Many  of  our  test  techniques  are  still  quite  crude.  But, 
I  believe,  that  the  information  developed  to  date  points  out  that  in¬ 
creasingly  greater  emphasis  is  being  placed  on  low-temperature  prop¬ 
erties  of  these  materials.  As  long  as  material  is  to  be  transported, 
stored,  and  used  under  severe  climatic  conditions,  research  and  de¬ 
velopment  will  continue  to  find  better  materials,  more  economical 
materials,  and  more  adequate  test  procedures. 
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Discussion 


CHAIRMAN  WEINER: 

Mr.  Swec  has  been  appointed  to  discuss  the  material  I  have  just 
presented. 


LEONARD  F.  SWEC  (H.  P.  Smith  Paper  Co.)  : 

Mr.  Weiner  has  given  us  a  very  excellent  summary  of  the  existing 
low-temperature  flexibility  tests  for  barrier  materials  in  the  current 
Government  specifications  as  well  as  the  development  of  such  new 
test  procedures  now  in  progress  at  Picatinny.  I  was  particularly  in¬ 
terested  in  noting  the  difference  in  severity  of  flexing  or  creasing 
in  the  various  low-temperature  tests  he  described  as  related  to 
whether  the  subsequent  barrier  test  was  of  a  liquid  or  vapor  type. 
Reviewing  quickly  these  tests  in  the  probable  order  of  increasing 
severity  of  flexing,  we  might  list  them  as  follows : 

(a>  Mandrel  test  at  minus  26°  F.  followed  by  liquid  grease  and 
water  tests. 


(b)  “Clam-shell”  flex  test  at  minus  65°  F.  after  creasing  at 
room  temperature  followed  by  liquid  grease  and  water  tests. 

(c)  Vibration  test  at  minus  65°  F.  followed  by  liquid  water  test. 

(d)  Cyclic  test  including  periods  at  minus  65°  F.  and  rough 
handling  after  the  last  of  these  periods  followed  by  liquid 
water  and  water  vapor  tests. 

(e)  Point  flex  test  at  various  low  temperatures  down  to  minus 
65°  F.  followed  by  a  water  vapor  test. 

(f)  Gelbo-flexer  at  minus  20°  F.  followed  by  a  water  vapor  test. 


He  also  mentioned  that  sharp  creasing  at  low  temperatures  caused 
failures  in  liquid  tests  for  most  materials  with  the  exception  of  poly¬ 
ethylene. 

This  tends  to  point  out  the  fact  that  a  liquid  barrier  test  is  more 
severe  than  a  vapor  barrier  test,  particularly  if  the  liquid  has  a  low 
wetting  angle,  such  as  grease  preservatives.  The  apparent  reason  for 
this  is  that  a  penetrating  liquid  will  find  a  very  tiny  hole  whereas  a 
sheet  with  a  considerable  number  of  very  tiny  holes  can  still  be  a  good 
vapor  barrier.  Apparently  water  vapor,  for  example,  does  not  ten 
to  “funnel”  through  tiny  holes  as  a  liquid  would,  particularly  as  mor 
and  more  penetrating  liquids  are  tried. 

This  means  that  it  is  quite  important  to  decide  first  on  how  goo  a 
liquid  barrier  is  needed  for  the  application  in  mind  and  then  dec 
how  good  a  vapor  barrier  is  needed.  We  must  be  sure  to  keep  these 
2  problems  distinct  in  our  thinking  for  devising  flexibility  tests. 

It  may  be  of  interest  to  briefly  mention  a  test  which  one  of 

people  in  our  laboratory  has  devised  as  a  very  ^^XSies  of 
flexibility  test  to  rate  the  relative  low-temperature  flexibilities 
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various  barrier  materials.  A  series  of  horizontal  bars  at  different 
distances  from  each  other  (from  a  fraction  of  an  inch  up  to  several 
inches)  are  mounted  on  a  vertical  base  and  the  assembly  kept  m  a 
cold  box  which  can  be  regulated  at  various  low  temperatures  A 
sheet  of  the  test  material  is  bent  over  to  give  a  soft  fold  and  the  2 
ends  are  pulled  horizontally  between  2  of  the  bars  to  give  anything 
from  a  sharp  crease  to  a  very  mild  crease.  By  varying  both  the  tem¬ 
perature  and/or  the  sharpness  of  the  crease,  it  is  thus  possible  to  get 
a  good  reproducible  flexibility  rating  of  various  barrier  materials  at 

low  temperatures. 


CLOSING  SESSION 

(Dr.  Berton  S.  Clark  now  resumed  the  chair.) 


CHAIRMAN  CLARK: 

I  think  Dr.  James  d’A  Clark  has  something  he  would  like  to  say. 


JAMES  d’A  CLARK: 

I  think  all  of  us  have  had  a  very  interesting  time  today  on  a  very 
important  subject.  I’m  sorry  there  has  not  been  time  for  a  fuller 
discussion  of  the  fundamentals. 


However,  there  is  one  point  I  would  like  to  leave  with  you  after 
listening  to  the  papers  today.  You  were  told  this  morning,  for  ex¬ 
ample,  that  wood  gets  stronger  when  it  gets  cold,  yet  the  boxes  break 
more  easily.  This  afternoon  we  were  told  that  plastic  gets  stronger, 
but  the  balloons  burst,  and  that  paper  gets  stronger,  but  the  bags  burst 
more  readily.  Obviously,  we  are  dealing  in  ambiguities.  That  is  non¬ 
sense,  gentlemen;  that  doesn’t  add  up. 


It  it  is 


Strength  is  the  ability  of  the  item  to  resist  being  broken, 
easily  broken,  it  is  not  strong. 

In  this  low-temperature  work,  one  of  the  most  important  character¬ 
istics  of  paper  is  elongation,  or  stretch  before  rupture. 

We  heard  this  afternoon  that  2  multiwall  bags  placed  on  a  cement 
bag  and  diopped  will  break.  Now,  if  you  put  4  separate  bags  around 
the  cement  and  drop  the  package  in  a  cold  temperature,  all  the  bags 
will  break,  but  yet  the  package  is  now  4  times  as  “strong.”  The  reason 

is  that  the  bags  will  break  because  they  are  brittle ;  they  don’t  have 
the  necessary  stretch. 

1  fhlr,,k  r.,Wi"  fi?d  that  one  of  the  finest  Carrier  materials  we  can 

L  Tboth  the  pack!"S  of  foodstuffs  in  boxes,  bags  for  cement,  and 
other  things  is  creped  kraft  paper,  polyethylene-coated  together  as  a 
thin  sandwich.  You  can  do  at  low  temperatures  what  we  did  during 
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the  war  with  creped  asphalt  laminated  bags.  We  made  over  20,000,000 
box-liners  out  of  30  pounds  basis  weight  kraft,  150-pound  asphalt, 
and  30-pound  creped  kraft  paper  as  a  sandwich.  Those  liners,  in 
single  thickness,  out-performed  any  other  flat  paper  liners  used  by 
Ordnance  and  the  other  Corps,  who  went  up  to  flat  60-pound  paper, 
and  employed  several  liners  together.  The  more  liners  they  put  in, 
the  thicker  the  liners,  and  the  faster  they  broke.  The  reason  was  that 
the  heavy  uncreped  paper  liners  didn’t  have  elongation.  When  the  thin 
barrier  liners  with  crepe  were  dropped,  they  stretched. 

The  same  principle  is  going  to  apply  to  this  low-temperature  work. 

PINSKY: 

I  heartily  second  what  Dr.  Clark  has  said.  At  room  temperature, 
polyethylene  has  about  500%  elongation  in  uni-axial  tension.  How¬ 
ever,  in  biaxial  tension,  it  is  only  about  12%.  That  very  reduction  in 
biaxial  elongation  is  an  important  feature  to  measure,  and  it  has  not 
been  measured  at  low  temperature  so  far  as  I  know. 

CHAIRMAN  CLARK: 

Thank  you,  Dr.  Clark.  As  a  matter  of  fact,  I  think  you  touched 
upon  the  last  subject  here  which  we  had  in  mind,  and  that  was  sug¬ 
gestions  as  to  how  we  might  organize  to  improve  the  procedure  for 
coordinating  this  work  on  low-temperature  testing  and  testing  of 
packaging  materials. 

Dr.  Parks,  I  wonder  if  you  have  some  message  for  the  group  today? 

W.  GEORGE  PARKS  (National  Academy  of  Sciences)  : 

I  have  nothing  to  say  on  the  subject  of  the  meeting  today,  naturally, 
since  it  is  not  my  field,  but  I  would  like  to  thank  everyone  who  ac¬ 
cepted  our  invitation  to  attend  this  symposium,  particularly  those 
who  participated  in  the  program.  Thank  you  very  much.  I  hope  it  was 
worth  your  while. 

CHAIRMAN  CLARK: 

As  chairman  of  the  meeting  and  representative  of  the  Packaging 
Committee,  I  want  to  say  we  have  certainly  appreciated  the  wor 
that  has  been  done  by  those  who  have  participated  in  the  program, 
and  also  by  the  rest  of  you,  for  coming  and  joining  this  discussion. 

If  there  is  no  further  business,  we  will  stand  adjourned. 

(The  meeting  adjourned  at  4  :40  o’clock.) 
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